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In a modernly equipped foundry 
y and United Roll F 
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make ali types of cnilied 


OAVY AND UNITED ROLL FOUNDRY LIMITED, HAVERTON HILL, BILLINGHAM, CO. DURHAM 


DAVY-ASHMORE GROUP 
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ball and roller bearings 
for this large 
plate levelling machine 





Designed to handle ships’ plates up to 2in. thick and 
12 ft. wide, this plate leveller is equipped throughout 
with 0s ball and roller bearings. Spherical roller 
bearings are used for the backing rolls and screw-down 
worm gear, and spherical roller thrust bearings—each 
carrying over 800 tons, for the screw-down shafts. 
Entry and exit tables incorporate 112 standard Scr 
plummer blocks. 


For efficiency and trouble-free operation, this heavy- 


duty installation depends to a large extent on the 
reliability of @0er ball and roller bearings. 


THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS 


The only British manufacturer of all four basic bearing types 
ball, cylindrical roller, taper roller and spherical roller. 


May, 1961 


One of the largest heavy plate levelling 
machines made in this country; 
supplied by The Head Wrightson 
Machine Co. Ltd. to Swan, Hunter 

& Wigham Richardson Ltd. 


Triple-reduction gear box equipped with @ircr 
spherical roller bearings. 


Backing rolls with special heavy duty housings 
for spherical] roller bearings. 











PLEASE CONSULT US SO THAT WE CAN ADVISE YOU 


Ihe Kol Makes 10) 2) s\\. 4d 


TELEPHONE: SHEFFIELD 42018 EAGLE FOUNDRY, STEVENSON ROAD, | 








H”’. 
Super XXXLAC” Acicular Flake. 


IN ROAD, (ATTERCLIFFE, SHEFFIELD,9 TELEGRAPHIC ADDRESS: CHILROLS SHEFFIELD 9 











THIS MACHINERY-—part of a Rolling mill— 


was produced by 


SHEEPBRIDGE EQUIPMENT LTD. 


to the order of 


Davy and United We build special purpose machinery 


and fixtures to customers’ specifica- 


Engineering Co. Ltd. tions. Our production facilities —a 


combination of modern well-equipped 
of Sheffield shops and a highly trained staff of 
craftsmen and technicians—enable us 
to produce high precision work to 


any dimensions. 


Photo by permission of Davy and 
United Engineering Co. Ltd. 





Sheepbridge Equipment Limited - Chesterfield - England (One of the Sheepbridge Engineering Group) 
Telephone: Chesterfield 5471 Telegrams: Sheepbridge, Chesterfield 
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avy and 
‘o. Ltd. 


united to serve the world demand for Steel 


COLVILLES LTD. In Scotland, Colvilles are engaged on a vast development 

va programme. By 1963 ingot capacity will be raised to 

3.3 million tons per annum, and the Group will produce 

THE CLYDE ALLOY in their modern mills the full range of steel products— 

STEEL CO. LTD. heavy and light plates, sheets and strip. Heavy and light 
sections, bars and broad flange beams. 








THE ETNA IRON & 


STEEL CO. LTD. || THE COLVILLE 





THE LANARKSHIRE GROUP OF COMPANIES 
STEEL CQ LTD. 


COLVILLES LTD 195 West George Street Glasgow C.2 


) SMITH & McLEAN 


LTD. 
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beasts 


burden 


BTR CONVEYOR BELTING 


Steel production, from quarry face to finished stock, calls for the best of 
equipment... for conveyors this means BTR-engineered belts. That’s why 
Richard Thomas & Baldwin Ltd installed BTR belting at Ystrad, near Ebbw Vale—to meet 
and beat the challenge of heavy, belt-punishing limestone. 
For your conveyors, whatever the load, there is a BTR belt that’s right for the job! 


BTR Industries Ltd 
BIR 
Si iz 


1/325 
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Telephone Bonnybridge 227 


May, 1961 


NOVO | 


(50%, 60% & 70% AL,O;) 


Developed specifically to withstand the severe 
conditions in modern furnace practice, the use of 
NOVO brands leads to production economies. 
The Bonnybridge range of high grade firebricks 
includes CALDER L for steel ladles and OCTO, 
CALDER and BONNYBRIDGE BRAND for 
various furnace applications. 


A wide variety includes the BONCRETE 
Castables devised for all temperatures in modern 
metallurgical practice. 


OUR TECHNICAL 
ADVISORY SERVICE 
IS FREELY AVAILABLE 


BONNYBRIDGE SCOTLAND 
Telegrams ‘Silica’, Bonnybridge 
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ME /Schack 


recuperators for 
soaking pits 

























Four one-way fired soaking pits 
equipped with ME/Schack combined 
concentric air recuperators for pre- 
heating the combustion air to 780°C. ; 
and flue tube gas recuperators for pre- 
heating blast furnace gas to 520°C. 


Installed by Messrs. Wellman Smith 
Owen Eng. Corpn. Ltd. 

for Messrs. Richard Thomas 

& Baldwins Ltd., Redbourn. 


Metallurgical 
Engineers Ltd 


5-15 Cromer Street, London, W.C.1 
Terminus 8689 
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Our Pallet Service minimises the risk 





° of damage in transit saves time 
Cen [re of a {trac {2 on and trouble in handling. Particulars 
gladly sent on request. 
To the expert’s discerning eye, a centre brick made by 
Wraggs of Sheffield represents all that’s finest in casting 
pit refractory manufacture. In addition to perfect external 
shape and accuracy of dimensions, the smooth internal 
finish ensures that no refractory inclusions are picked up 
by the metal during pouring. 
These attributes stem from years of specialisation in the 
casting pit refractory field, in which Wraggs were pioneers. 
And they all add up to the solid reliability demanded by 


7 | to-day’s busiest steelmakers. 


id 


LADLE LINING BRICKS 
V.C.1 SLEEVES 


TRUMPET BELLS 
TRUMPET GUIDES 
. . . ° CENTRE BRICKS 
for reliable casting pit refractories INGOT FEEDER TILES 
RUNNER BRICKS 


Wraggs of Sheffield 2: 





THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 
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JOISTS 


COMPANIES 


SECTIONS 
. COLLIERY 
: ARCHES 
: FORGING 
BLOOMS 
; SLABS 
; STRUCTURAL 
STEELWORK 








0 

Head Office: 
z FLEMINGTON, MOTHERWELL 
re) Telephone: Motherwell 2445 


12 JOURNAL OF THE IRON AND STEEL INSTITUTE 








ROLLING MILLS 


WE DESIGN AND MANUFACTURE 


Hot and cold rolling milis and Hydraulic 
presses for the Ferrous and non-ferrous 
industries both home and abroad 


HYDRAULIG PRESSES 


THE ela’ Ad ENGINEERING COMPANY LTD. 
BOURNEMOUTH ENGLAND 
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oe) BO i.) Fee OF. 03 09D 
BASIC BRICKS 


now made by 


Under sub-licence from General Refractories Ltd., covered by British Patent No. 


546,220 for the basic process of metal-cased brick manufacture and other British 


Patent No.’s 600,6 30—749,491—-778,047 and 778,048. 


P. H. Metalclad bricks are cased in steel on four sides, 
graded refractory material and metal casing forming 
an integral unit. That’s because of the controlled 
hydraulic pressure method of manufacture, which 


allows no air infiltration whatsoever. P.H. Metalclad 


METALCLAD “EE” BRICKS 


Divided internally by two 
plates placed lengthwise 

This system reduces y . 
flaking and spalling & 4 
to a minimum 

and can be 

applied toall 

Metaiciad 

shapes and 

sizes. 

Covered by i 
British Patent No.’s 546,220, 
778,047 and 778,048 





TABHANGER SUSPENSION 


Bricks supplied with a special stainless 
steel tab co-moulded with the brick 
embedded into the surface of the top 
face. By the use of a special cool the 
tab may be bent out at right angles 
to the top face to 

form a hanger. 


Covered by 
British Potent 
No.’s 546,220 
and 749,491 





FERROCLIP SUSPENSION 


This method allows the brick to 
be suspended from the end. The 
Ferroclip hanger slot 
may be moulded into 
any roof or wall shape. 


Covered by 
British Patent 
No.'s 546,220 
ond 600,630 


rR 





bricks are easy to install because they’re completely 
consistent in shape and size, and need no jointing 
cement. Spalling during temperature changes is 
eliminated, iron-oxide bursting is reduced to a min- 


imum— in other words, they last longer too ! 


Make your needs known to Pickford Holland now! 


P.H. METALCLA 


PICKFORD, HOLLAND & CO. LTD 


Metal cased 
basic bricks 
TELEPHONE: 


SHEFFIELD 33921 


ca/eras 
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The illustration shows a Three Zone Furnace for reheating 7° or 8” square 
blooms 15 feet long from cold to rolling temperature at a steady rate of 40 tons 
per hour. 


Installed at the Hallside Works of Clyde Alloy Stee! Company. 

We specialise in the design and construction of: 

Open Hearth Furnaces Furnaces for Aluminium Melting, 
Soaking Pits of all types Coil Annealing and Slab Re-heating 
Continuous Multi-zone Bloom and Forge and Heat Treatment Furnaces 
Slab Re-heating Furnaces Stress Relieving Furnaces 
Continuous Bogie type Ingot and Shipyard Plate and Bar Furnaces 
Slab Heating Furnaces Modern Lime Burning Kilns 


PRIEST FURNACES LIMITED * LONGLANDS * MIDDLESBROUGH also at KELHAM ISLAND WORKS * SHEFFIELD 3 


Fis? 
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RAW MATERIAL PREPARATION PLANTS 
FOR STEELWORKS. 


@Another feature of 
. Newells designs. 


_ Rotary Conical Conditioning Drum 
for Sinter Return Fines. . 


- These photographs illustrate a 
- machine erected in our Works 
_ prior to despatch. 
~ This: machine is now installed at 
“the Works of Messrs. leea las aclies $ 
“Scunthorpe Works Limited, the 
Main contractors being Messrs. 
Head Wrightson Iron and Steel 
Works Engineering Limited. 


This machine. as illustrated is 
om swe for a capacity of 250 tons 
per 


Our designs include machines 
having capacities up to 450 tons 


7: hour and all sizes up to 15’0” 
e ) Other specialities include: es : Giameter x 38'0” i? 
aiid Bad A Paviciiens for iqnnting Coke | | 
Breeze and Limestone. oe ; 
Patented Primary snd Secondary Multi-Scroll 





Mixing Mills. 
Heavy Duty Table Feeders up to 12’0” diameter. 
Heavy Duty Scraper Feeders for wet and sticky 


ores, capacities up to 100 tons per hour. 
Rotary Drum Type Pelletisers up to 12’0” 
diameter. 





Rotary Conical Quenching Drums. 


Crushing, Screening, and Handling Plants 
for a and Scomitae. ne hg < 


Basic Slag Crushing and Grinding Plants. 
Dolomite Crushing and Grinding Plants. 


Plant | of 
ae 





re _ Telephone : Misterton 224 & 225. aie be pce oe Telegrams : Newells Misterton Notts. 


16 JOURNAL OF THE IRON AND STEEL INSTITUTE 








but not only steel. This is also the amount of steam generated by S-B-C 
waste heat boilers at Durgapur. The Spencer Bonecourt boiler shown above, 
inset, and six others like it, produces from 10,000 to 20,000 Ibs of steam per hour 
~ at 200 Ibs per sq. in. S-B-C waste heat boilers were chosen by The Wellman 
Smith Owen Engineering Corporation Ltd., to operate in conjunction with their 
200 ton open hearth melting furnaces for Indian Steelworks Construction Co. Ltd. 
On any question relating to the recovery of waste heat, S-B-C are the people to 
contact. Write in today for the illustrated booklet: “Waste Heat Recovery”. 


SPENCER-BONECOURT-CLARKSON LTD. Leaders in Waste Heat Recovery 
A subsidiary company of Babcock & Wilcox Led. 


28 EASTON STREET - LONDON -« W.C.1 Telephone: Terminus 7466 
mysec2! 
May, 1981 17 
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consistency 


on the 


grand scale 


Blast furnaces depend on it. Metallurgists count on it...Ores must 
be blended precisely, and fed with unvarying consistency to the blast 
furnace... That is the reason why Robins-Messiter blending plant was 
installed in Italy. 


Rely on the experience of &E.C. 


360 
THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, FRASER & CHALMERS ENGINEERING WORKS, ERITH, KENT 
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BETTER 
(and often 
BIGGER) 


A section of the L.S.E. Heavy Machine Power Station, driving Gwynnes pumps). 
Test Bed. In the foreground, a 2400/1050 The control scheme incorporates L.S.E. 
h.p., 450/345 r.p.m. N-S variable-speed ‘Asmag’ automatic control gear 

a.c. motor (one of four for Uskmouth 


Within the last decade or two the average electric motor has 
been raised in status. Now, in partnership with appropriate 
control gear, it is often required to form part of complex systems 
of control of quality and quantity. 


At the same time, the rating of electric motors for many 
industrial drives has shown a marked increase, outputs of 
upwards of 1,000 h.p. now being commonplace. 


L.S.E. have progressed and developed on both fronts, and are 
well qualified to provide electric power equipments capabie of 
integration into the overall control scheme of the most ad- 
vanced types of machines or production systems, involving 
outputs of from one to several thousand horse-power. 


LAURENCE, SCOTT & ELECTROMOTORS LTD. 


is aeiams Specialist Makers of Electric Motors and Control Gear since 1883 NORWICH 
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BILLET REHEATING FURNACE WITH TYPHOON BURNER 


HEATING FURNACES 


OF ALL TYPES 


ANNEALING FURNACES 
OTHER SPECIALITIES: 


MORGAN GAS MACHINES @ SOAKING 
PITS (ISLEY CONTROLLED) @ HOT 
METAL MIXER CARS @ TYPHOON 
FORGE FURNACES ROTARY FLAME GAS BURNERS @ MILL 
FURNACES @ MORGAN § AIRJECTORS 


NASSHEVER CONTINUOUS BRIGHT AN- 
WIRE AND STRIP FURNACES NEALING FURNACES (SOLE LICENSEES) 


REHEATING FURNACES 


CONSULTATIONS AND REPORTS 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


56 KINGSWAY - LONDON : W.C.2 


Phone: HOLBORN 1871-2 Grams: SAHLIN, WESTCENT, 2 LONDON 
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ANOTHER 


TON FURNAGE 
PUSHER... 





This Thornton Pusher is 
capable of a thrust of 100 
tons and provides the 
motive power to push a 
continuous train of ingot 
petit ’ or Slab Furnace cars 

sete : : through the furnace. 


- UY CAPACITY CAR FOR 
SHOT BLASTING... 
















We designed this 
car with all-round 
rubber screening 
to provide added 
protection when 
bearing heavy 
castings for 
cleaning in a shot- ™ 
blast chamber. es, 


Specify THORNTON Znuipmert 


Built to our own designs or to customers specification 





B. THORNTON LTD. TURNBRIDGE, HUDDERSFIELD. Tel 754! 
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STEELWORKS 
PLANT? 




















' emember the scope of NEWTON CHAMBERS 


Newton Chambers are fully equipped 


and have many years’ 


’ perience in the design, manufacture 


4 
¥ 


and installation of a wide 
ge of steelworks plant and ancilliary 
equipment. May we discuss 


Dur requirements, particularly for the 


items listed alongside 


STEELWORES PLANT 


f) Steel Casting Ladies and Carriages up to 300 Tons Capacity 
() Hot Metal Ladies and Carriages 
[=] Torpedo Type Hot Metal Ladies and Cars [5] Siag Ladies and Carriages 
{&) ingot Casting Cars [5] Ingot Transfer Cars [5) Slab Transport Bogies 
[5] Coil Carrying Bogies [8] Scrap Bogies [&) Charging Boxes and Bogies 
{&}] Roll Transfer Bogies [&) Special Transport Equipment 
{=} Gas Cleaning Plant (Electrostatic or Venturi Type) [&) Recuperators 


COMPLETE BLAST FURNACE PLANT 


f&) Hot Blast Stoves [5] Slag Ladies and Carriages 
[&) Pig Casting Machines [&] Gas Cleaning Plant [&) Gasholders 


Chambers 


NEWTON CHAMBERS & CO LTD - ENGINEERING DIVISION - THORNCLIFFE - SHEFFIELO 





The snail, most thought- 





fully, goes to some 
pains to reconcile his 
een own needs with those 
ar of the conchologist 
er. __ © As home and protection, 
Sues his shell must be tough, 
portable, and very much 
made to measure. At 
the same time, it must 
have just those qualities 
which—in due course— 
will delight the collector 
¢ Sheet steel from the 
City of Steel follows no 
less closely its intended 
purpose « Each order 
is treated as a separate 





assignment so that 

you, the manufacturer, 
MAD al TO M EASU RE get the particular kind of 
steel your product needs 
¢ Steel, in fact, made to 
measure—to your exact 


requirements. 








S 
Yor Xo. 


THE STEEL COMPANY OF WALES LIMITED 


bush 
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ELECFURN WORKS - OTTERSPOOL WAY - WATFORD BY-PASS - WATFORD - 
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Increased output of jet engine components. That is 
briefly the result of installing this 50 Ib. (molten steel) 
capacity Wild-Barfield-NRC vacuum induction melting 
furnace at Filton. Bulk charging and mould locks enable 
semi-continuous production to be maintained. In fact, 
the weekly output of this one equipment is greater than 
that of five vacuum arc furnaces used for similar work. 
If you have a vacuum application, remember that the 
experience of Wild-Barfield covers the design and 
manufacture of ail types and sizes of vacuum furnaces. 











ARF WIL 140 FOR VACUUM METALLURGICAL APPLICATIONS 











WILD-BARFIELD ELECTRIC FURNACES LIMITED 


HERTS 


+ Tel: Watford 26091 (6 lines). Grams. Electurn, Watford 


waits 
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COPPEE 
GOAL 
PREPARATION 
PLANT 


incorporating 
)).S.M. dense medium process 
Baum washing 
DSM. cyelone washing for smalls 


Froth flotation for fines 


Please write for further details to: 


THE COPPEE COMPANY @ (GREAT BRITAIN) LIMITED 
COPPEE HOUSE - 140 PICCADILLY oan on ee ae ene LONDON 


LONDON W.1! Telephone: HY¥De Park 680! NEWCASTLE-ON-TYNE: MANSION HOUSE CHAMBERS, THE CLOSE 
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TRANSPORTERS 
ORE BRIDGES 


a Be : : iy 
7.60% Baw. 


All types and sizes. Also many other types of mechanical 
handling plant including Wagon Tipplers, Wagon Marshalling 
Plant, Skip Hoists, etc., designed, built, installed and set to 
work anywhere in the world by 





D STRACHAN & HENSHAW LTD 


STEELHOIST WORKS - BRISTOL 2+ ENGLAND 
LONDON - GLASGOW JOHANNESBURG MELBOURNE CALCUTTA CHRISTCHURCH (N.Z.) 





1E CLOSE 


May, 1961 7 
EEL INSTITUTE 8 2 








AMOUS 
PLANT 


SUPPLIED BY 


f igor’ T | 
 B wre < | 
Lat | CSS 
J .? er) aap 
. ut 


DMM (MACHINERY) LTD “LAMM 2 ate Ban 
UNIVERSAL HOUSE 
60 BUCKINGHAM PALACE ROAD 
LONDON, SW! 
Telephone: 
SLOANE 0701 (3 lines) 


+. SUN EERTAEM 
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Twenty-three precipitator units at five of 
Britain’s major steelworks — that is the total 
ordered, so far, from Lodge-Cottrell and 
Simon-Carves. Six are already on line and 
another six are scheduled to start up this 
year. 

Experimental methods of dealing with air 
pollution can be very costly. As first in this 
field in this country, we are in a unique position 





PRECIPITATORS 


FOR 
PEN-HEARTH 


FURNACE 


AND 


ONVERTER 
GAS-CLEANING 


to advise you. Take advantage of the combined 
knowledge and up-to-the-minute experience 
of Lodge-Cottrell and Simon-Carves. You 
are assured of the least expensive solution in 
the long run. 


LODGE-COTTRELL 
SIMON-CARVES 





5 


— 


MEMBER COMPANIES 


LOODGE-COTTRELL LTD. George St, Parade, Birmingham 3, Engiand, and at London, Brussels, Caicutta, Johannesburg, Sydney, Toronto 








$c256 
May, 1961 
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SIMON ENGINEERING LTD 





Thermal 


ALUMINOUS PORCELAIN 525 


Combustton 


lubes  . 


rr ae 


No Gas Loss © BF STANDARD SIZE RANGE 


c P NOW AVAILABLE 
ap On mS Ve EX STOCK 


eg ; wie 





CLOSURES For use in any high temperature furnace, particularly for 
Circular, specially carbon and sulphur determination in steel, operating at 
pay Pw a temperatures up to 1500°C (2732°F). These tubes are 
with rubber bungs. completely reliable, do not devitrify or allow loss of 
Porous Alumina combustion gases even up to maximum working 
plugs to prevent 1 : 

iron oxide carry- temperatures. Thermal aluminous porcelain 525 sheaths 
over also available. are excellent for use as pyrometer sheaths up to 1500°C. 





THE THERMAL SYNDICATE LTD 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Phone: Wallsend 62-3242 
LONDON: 9 BERKELEY STREET WI Phone: Hyde Park 1711/2 
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“STELLITE” RESISTS WEAR 
AT HIGH TEMPERATURES 


faced rolling mill guide in action 


**Stellite’’ 





shows 





Illustration 


y for Throughout all branches of the Steel Industry Deloro Stellite alloys have 
1g at proved to be extremely resistant to arduous conditions of abrasion and 
} are heat. Components protected with these alloys show a lifé increase of up 
Ss Of to 500%. Applications include hot shear blades, ingot tong bits, twist 
‘king rolls, etc. 

at “Stellite’” is applied by normal welding processes, or the recently 


developed Spray-Fuse and Powder Welding methods. 


DELORO > Our area engineer will be pleased to call and give any advice you may require 
STELLITE 





rD DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


62-3242 The names “Deloro” and “ Steilite’’ ore registered trade marks 
c1711/2 
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HOT ROLLED STEEL BARS 


Round * Square ¢ Flat 


Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 
STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 65401 (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 
STEEL HOUSE KING EDWARD HOUSE 50 WELLINGTON STREET CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams: Telegrams: Telegrams: Telegrams: 
WHITEDSTEL, PARL. LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone: Telephone: Telephone: Telephone: 
WHITEHALL 29864 MIDLAND 0412-3 CENTRAL 1528 BLACKFRIARS 1603-4 
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use the right tools 
and finish the job 
in a fraction of the time 


You will find the quickest way is to drill a hole 
and use a Rawlbolt. 

Rawlplug rapid boring tools produce holes in 
all forms of masonry in less time than any 


ns 


comparable type. Tools are available for use 
with electric or pneumatic drills, or as hand 
drills. Standard sizes range from }” diam. to 2}’ 
diam. and many types are made, spiral fluted 
or straight fluted and with or without pDuRIum 
hard tips. 

Rawlplug masonry tools are the fastest cutting 
of their type, with the longest life. 


for 
SPEED AND 
STRENGTH 


Rawlbolts are the fastest and most 
secure method of making Bolt Fixings 
into any form of masonry. 





ort 
R 
THE RAWLPLUG COMPANY LIMITED 
CROMWELL ROAD «+ LONDON °- S.W.7 
Sa OE, The world’s largest manufacturers of fixing devices 
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Reproduction of 16th century Dutch Print by 
Amman, illustrating the craft of the Pewterer. 
(Copyright, Radio Times— Hulton Picture Library) 
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Not only mild steel for everyday use but also the 
special steels demanded by the Nuclear Age. . . for 


example we produced the special steel plates for the 
reactor vessels at Calder Hall, Chapelcross and 
Bradwell, and we are now supplying plates for the 


nuclear power station reactor at Latina, Italy. 


a An interesting booklet “*Steels for the Job’’, just 


published by us, describes some of our newer products. 
We shall be delighted to send you a copy. 







YOU SHOULD HAVE 


Our Technical and Research Department will also welcome 
THIS BOOK. 


enquiries from any whose problem is .. . STEEL 


CONSETT IRON COMPANY LIMITED, CONSETT, COUNTY DURHAM 


Telephone: Consett 341 (12 lines) Telegrams: Steel Phone Consett 
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| go anywhere 





Up and over obstacles . . . round corners . . . gliding smoothly and easily whatever the terrain. 
Just as a snake—sinuous, strong and most flexible of creatures—can travel anywhere, so can 
Renold conveyor chains. Fitted with biplanar attachments, a Renold conveyor chain can move 
in all planes and deliver your products how you want them, when you want them and where 
you want them, 


Write for Catalogue Ref. 120/19 giving full details of 


RENOLD STOCK CONVEYOR GHAINS 


May, 1961 


WITH ATTACHMENTS FOR ALL DUTIES 


RENOLD CHAINS LIMITED : MANCHESTER 




























COAL 


keeps MECCAN 0 


There are some names we learn in our boyhood thaf 
never lose their magic—and Meccano is one of them 
Today, this name, so intimately connected with enam# 
elled pieces of steel strips and plates that made every 
youngster a constructional engineer has an even wider 
appeal. Together with Hornby trains—electric and 
clockwork—Dinky Toys and Bayko, Meccano now 
provides a quartet of delight for boys and girls—and 
their fathers! 

The far-sighted management that has kept — 
a best-seller shows the same sound judgment whe 





PROGRESSIVE INDUSTRY IS GOIN 
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dealing with grown-up affairs, like choosing coal to 
fuel its great powerhouses at Liverpool and Aintree. 
Coal was chosen because coal provides more heat for 
the money than any other fuel. Coal, mechanically 
stoked, is smokeless. And in our coalfields there is 
enough coal to keep British industry going at top 
production for generations to come. 

When you are required to make a decision about 
fuel remember Meccano. Coal has helped them to 
build up a model industry. Choose the same fuel— 
and you’ve made the most constructive start. 


vue COAL 











ISSUED BY THE NATIONAL COAL BOARD 


May, 1961 








Coal 
Provides the 
Power at 
Meccano’s 
factory at 
Binns Road, 
Liverpool 





Mr. Gibbs, Chief Engineer, comments: 


“We at Meccano operate all power and steam 
process equipment from coal. 

The present boiler plant consists of two 
water tube boilers and economisers fitted 
with usual mountings, including feed water 
regulators. These boilers were installed in 
1928 and still give us a first-class service 
today. Their efficiency is high. 


Since the original installation we have 
continued to make improvements. In 1948 
further instruments were added, such as COe 
recorders and indicators and flue gas 
temperature recorders. A feed water meter 
was installed in 1955 and soon afterwards a 
smoke indicator and recorder. More recently 
the reciprocating feed pumps have been 
superseded by electrically operated centri- 
fugal pumps. 

In this way we have kept pace with the 
increasing demands of production and made 
the best use of all our equipment. 

Firing is by chain grate stokers and all 
fuel is handled mechanically. Steam is used 
for space heating and process work. 

Each boiler is opened up for cleaning and 
inspection once a year. The flues are easily 
cleaned with a compressed air line, and on 
completion the boilers work for the follow- 
ing year with practically no maintenance. 

Coal is ob:ained from a local colliery and 
deliveries are arranged daily to suit our 
requirements. The quality of the coal is 
always consistent and we are confident that 
we shall continue to use coal for years to 
come.” 


Here are some key facts and figures about 
the consumption of coal at Meccano: 


Number of boilers:............. 2 water tube 
Method of firing:......... chain grate stokers 
Steam preseure:..........2660005- 120 p.s.i 
Continuous max. rating: . . .6,500 Ibs. per hour 
Steam temperature:................. 350°F 
Feed temperature:.................. 180°F 


Annual fuel consumption :. . .2,260 tons of coal 
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Rolled and forged rings 
in ALLOY, STAINLESS and 
SPECIAL CARBON STEELS 
from 24 inches up to 7 feet 
outside diameter. 


BROWN BAYLEY STEELS LIMITED . SHEFFIELD 
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Electrical 
Precipitators 


High efficiency 
qas cleaning 


W.C 


Cleaning Division, 
Turnbridge, 
Hudderstield A Member of the 
B.H.D. Engineers Limited 
Group of Companies. 


May, 1961 














GUEST 
KEEN 


IRON & STEEL WORKS 


(BRANCH OF G.K.N. STEEL COMPANY LIMITED) 


east moors, GARDIFF. 


TELEPHONE: CARDIFF 33151 
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West Hunwick Silicas 
are perfectly shaped and 
sized to meet specific 
demands, and their 
production is rigidly 
controlled to ensure 
complete consistency 

in quality. 

For maximum retort 
life always specify 

West Hunwick 
Controlled Refractories. 


NEW! Facts about 
West Hunwick’s new 
‘Basic Bricks’ will be 
available shortly. 
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THE WEST HUNWICE SILICA & FIREBRICK COMPANY LIMITED - HUNWICK - CROOK + CO. DURHAM + TELEPHONE CROOK 200 


West Hunwick CONTROLLED Refractories 
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-. for 
. preheating 


\ war 
\ ‘and fuel 
gas... 


Uy | ie compostte tube metallic 
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Gas Fired Air Heater—8500 cfm of 6 psi 

blast heated to 750°C. 

Picture by kind permission of 

National Smeiting Company Limited 


Please send for a copy 
of our new illustrated brochure giving 


full details of our design, manufacture and erection service: engineered to 


oe individual 
Thermal Efficiency Ltd -yeee 
Northumberland House, 303/306 High Holborn, London, WC1 Chancery 8173 


MANUFACTURERS AND DESIGNERS OF METALLIC RECUPERATORS AND 
AIR HEATERS FOR FURNACES, CUPOLAS AND STEAM BOILER PLANT. 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





te SEN NIE Sais alas ea as GG 

















SHELTON IRON & STEEL LTD 


THE ONLY GAS TURBINE IN GREAT BRITAIN 
OPERATING ON BLAST FURNACE GAS. 


During the period May 1959— January 1961 this machine had 
in excess of 11,000 running hours to its credit, inclusive 
of a one month shut-down period for routine maintenance. 

















Manufactured at our Hartlepool Works to Brown Boveri design. 




















RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 


A member of the RICHARDSONS WESTGARTH GROUP 
HARTLEPOOL, CO. DURHAM AND AT 58 VICTORIA STREET, LONDON, 8.W.1. 
59 MOSLEY STREET, MANCHESTER, 756 BUCHANAN STREET, GLASGOW 
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Gas Fired Air Heater—8500 cfm of 6 psi 
blast heated to 750°C. 
Picture by kind permission of 
National Smelting Company Limited. 


Please send for a copy 
of our new illustrated brochure giving 
full details of our design, manufacture and erection service: engineered to 


Thermal Efficiency Ltd aa 


Northumberland House, 303/306 High Holborn, London, WC1 Chancery 8173 


MANUFACTURERS AND DESIGNERS OF METALLIC RECUPERATORS AND 
AIR HEATERS FOR FURNACES, CUPOLAS AND STEAM BOILER PLANT. 
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SHELTON IRON & STEEL LTD 


THE ONLY GAS TURBINE IN GREAT BRITAIN 
OPERATING ON BLAST FURNACE GAS. 


During the period May 1959— January 1961 this machine had 

in excess of 11,000 running hours to its credit, inclusive 

of a one month shut-down period for routine maintenance. 
Manufactured at our Hartlepool Works to Brown Boveri design. 


it 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 


A member of the RICHARDSONS WESTGARTH GROUP 
HARTLEPOOL, CO. DURHAM AND AT 58 VICTORIA STREET, LONDON, 8.W.1. 
569 MOSLEY STREET, MANCHESTER, 75 BUCHANAN STREET, GLASGOW 
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| BARROW IRONWORKS 
IMITED 


Makers of Blast Furnace and hot blast stove equipment to our own designs and to the designs of Messrs. 
S. P. Kinney (Engineers) Inc. of Pittsburgh, U.S.A. 





We produce special machines and prototypes—Manufacturers of High Grade Haematite and Semi- 
Phosphoric Pig Irons 


(left) Automatic Cutting and 
Straightening Machine for 
Barrow Steelworks Ltd. 
(reproduced by permission). 


BELOW 

(left) 4° Barrow-Kinney Heavy 
Duty Self Cleaning Spray in 
operation. 

(right) 42" Barrow-Kinney Plate 
Type Gas Valve erected in 
position. 


BARROW-IN-FURNESS, LANCASHIRE, ENGLAND 


Telephone: Barrow-in-Furness 830 (5 lines) Telegrams: Ironworks, Barrow-in-Furness 
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HIGH DUTY 
AND 
MALLEABLE 
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The seven standard grades of Stanton Dale Refined Pig Iron 


| 
































GRADES: A B Cc Bees Se ee G 
SILICONY, 1-9-2:1 1-4-1-6 | 0-9-1-1 2-25-25 | 09-4. 1641-6 | 1-92-41 
SULPHURY, 0:06 0-07 0-08 | 0-05 | 0-08 0:07 | 0:06 

PHOSPHORUS% | 0-6-0-7 | 0-6-0:7 | 0-6-0-7 | 0-4-0-5 | 0-25 | 0-25 | 0-25 
MANGANESE, | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 | 0-8-1-5 0-8-4-5 | 08-45 
TOTAL CARBON, 2-730 ties 2-8-3-1 7 


In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 
and special processing. 


STANTON 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 
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THE UNCONTROLLABLE ELEMENT! 
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But man can control the other three, 
and none better than those responsible 
for producing the high grade refined 

iron welcomed by resourceful foundrymen 


and discerning metallurgists everywhere 


BRADLEY & FOSTER LIMITED 


FOR QUALITY CONTROLLED REFINED PIG IRON 


DARLASTON - STAFFORDSHIRE 


Telephone: JAMes Bridge 2353 (7 lines) Telegrams: BRADLEY DARLASTON 
A member of the Stateley Coal & Iron Co. Ltd. Group 


»N 


GHAM 
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TRI-MOR HIGH TEMPERATURE MOULDABLE - TRI-MOR STANDARD 
mou a e all MOULDABLE - TRI-MOR HIGH STRENGTH CASTABLE + TRI-MOR 
STANDARD CASTABLE + TRI-MOR 1500 CASTABLE - TRI-MOR HIGH 
TEMPERATURE CASTABLE - TRI-MOR 1800 CASTABLE - TRI-MOR 


castable refractoricS eaueemens 


MORGAN 


made by. 8 efractories Ltd 


MORGAN REFRACTORIES LTD., NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 


NE 165A 
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One electrode looks much like 


AW - Be 


another— but no one buys an 
electrode for its looks! 

It’s what you can't see that 
matters. First-class furnace 
operation, for example; ease of 
assembly and strength of joint- 


ing; and the kind of reliability 





that saves hand over fist on 
repair time. 
You will find all these—and 


more—with AGL electrodes. 


Their graphite is of the highest 
purity, their price is fully com- 


petitive and they are backed by 





the finest service in the whole 





country. 


-MOR STANDARD 
ABLE + TRI-MOR 
+ TRI-MOR HIGH 
‘ABLE - TRI-MOR 





GREAT LAKES CARBON INTERNATIONAL LTD 
140 Park Lane, London, W.1, England. Telephone: Mayfair 5132 





—— Sole Representative for the U.K. and Western Europe for 
Anglo Great Lakes Corporation Ltd., Newcastle upon Tyne and Great Lakes Carbon Corporation, New York, U.S.A. 
SEL INSTITUTE May, 1961 4g 


























RANGE OF PRODUCTS 


Billets from 3” sq. upwards. 

Rounds from 3” to 94”. 

Hexagons from 3” to 3%”. 

Squares from 3” to 44’. 

Flats in certain sizes. 

Colliery roof supports and accessories. 
Special T.H. yielding arches. 


nearest BARS 


Rounds to in 500 Ib. coils. 
Rounds qe” in 900 Ib. coils. 
ean. ; to +,” in 500 Ib. coils. 









































Hexagons 23” to |” in 900 Ib. coils. 

Coils may be split if required. 

COLD FORGING : 
QUALITY WIRES ¥ 


0.240” to 0.550” in 500 Ib. coils. 
0.550” to 1.000” in 900 Ib. coils. 
Coils may be split if required. 





Sli STEELS WITH 
Knl bie ean aii, CARBONS 0-08 0-85", 


My iff 





CASE-HARDENING STEELS 


FREE CUTTING STEELS 





LOW ALLOY STEELS 


STEELS FOR COLD FORGING 


FOR BRIGHT er FOneIRG 


DROP STAMPING, FO Sic 


AND GENERAL ENGINE E 
THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


TELEPHONE: ROTHERHAM 214! (15 lines) @® TELEGRAMS: YORKSHIRE, PARKGATE, YORKS. TELEX 54141 
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Radio telescope at Jodrell Bank built 
by United Stee! Structural Company 


Bowl diameter—250 /t 


if 4 
4 A wee Height of towers—180 fi 
A; i). /) \ N Weight of structural steelwork—1,800 tons 
“ , ry \ é / , 
bat 6 


a Ld Consulting engineers: Husband & Company 


UNITED STEEL STRUCTURAL COMPANY LIMITED 


SCUNTHORPE - LINCOLNSHIRE 


54141 USS.35 
) 
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choose 
Yorkshire Engine 
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This is one of the 300 h.p. diesel-electric 
locomotives supplied to the Port of 
London Authority by the Yorkshire 
Engine Company. Eleven such locomo- 
tives are in use in the Tilbury and Royal 
group of docks, which are now com- 
pletely converted to diesel traction. Six 
220 h.p. diesel-electric locomotives 
ordered for the India & Millwall Docks 
are due for delivery early in 1961. 


“4 good pull from the start” 





YORKSHIRE ENGINE 
COMPANY LIMITED 











MEADOW HALL WORKS, SHEFFIELD 9 
A subsidiary of The United Steel Companies Limited 


THE UNITED 
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why 
ACHESON 


graphite 
electrodes 


We You Lesendable Sesvice / 


“ Acheson” Graphite Electrodes are manufactured from specially selected high grade 





raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give 4 final electrode for your arc furnaces with these properties at their optimum — 
LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
“ Acheson’ Graphite Electrodes are made in the United Kingdom only by 


BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


ACHESON 


TRADE MARK 


GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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Special alloys of highest quality 


from 4cdiomet Vacuum Arc Melting Furnaces 
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The strated furnacs 


30 inches diameter x 10 tons signe <i 


Stein & Atkinson Ltd. 
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At Motherwell, the stec! imma 
centre of Scotland, the Uni- « 

versal Beam Mill is at an The Lanarkshire 
advanced stage of construc- S t ee i Cc 0. L. t d » 


tion. 


MOTHERWELL SCOTLAND 


One of the Colville Group of Companies 


When the new mill comes 


into operation the Lanark- 
shire Steel Company will be 
producing a wide range of 
Universal beams and col- 
umns for various structural 


uses in Britain and overseas. 
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SILLMAX 54 


For use in combustion chamber skin lining, upper ring wall, 
inner dome lining, and top chequer filling when high hot 
blast temperatures are required. 
























FOSTER CROWN 


For use in outer combustion chamber lining, intermediate 
ring wall positions, outer dome lining and intermediate 
chequer filling. 











Y) FOSTER HIGH GRADE 


For use in main lower ring wall and bottom chequer filling. 








INSULATION 


Efficient insulation effects considerable fuel saving and 
assists in obtaining maximum thermal efficiency. 

G.R. Amberlite Insulation products both in brick and slab 
form, cover all applications in hot blast stoves and ancillary 
plant. 


Suitable jointing cements, ramming and gunning compo- 
sitions are available for use in coniunction with the various 
hot stove refractories described above. 
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BRITISH STEEL 
AT ITS BEST 


CARBONS UP TO 1.0% 
DEEP STAMPING & RIMMING 
FREE CUTTING 


LEAD BEARING 





POL LI IL TONE LIE LIN NLS LLL 


+1 —$513-10-0pa 





¥ E ST beattvinanindl 


LIMITED 
for TEMPERATURE MEASUREMENT & CONTROL 





in modern 








Metalkase 


R.W. Brick is proving outstanding in performance in ( REIN FO RCED WELDE D ) 


basic open hearth furnace roofs. It can be adapted to 
any type of roof construction, whilst in wall con- 
struction R.W. Bricks can be used individually — 
preferably as headers—or they can be prefabricated 
into large sections to save installation time. 


R.W. Bricks offer 


1. Accuracy of size and shape. 

2. Speedy installation. 

3. Exceptional mechanical strength. 

4. Improved spalling resistance. 

5. Flexibility of application to all forms of 
basic roof construction. 


THE STEETLEY REFRACTORY BRICK DIVISION 


CLEVELAND MAGNESITE { OUGHTIBRIDGE SILICA i SWANN RATCLIFFE & CO. 
& REFRACTORY CO. LTD. FIREBRICK CO. LTD. (BRASSINGTON) LTD. 


P.O. Box No. 9, WORKSOP, Notts. Telephone: Worksop 3456 
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Where there are steelmakers... 
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...there’s 
ADAMSON-ALLIANGE 


STEELWORKS EQUIPMENT 


LADLE, SOAKING PIT & STRIPPING CRANES 
OVERHEAD TRAVELLING CRANES + CHARGING MACHINES - FORGING MANIPULATORS 








, bat . [ ALN al a 
Marlon House, 71-4 Mark peso , London, E. C. 3 
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STEIN, 


For maximum performance 





in open hearth furnace roofs... 





STEIN BASIC BRICKS 


For high refractoriness-under-load « good spalling 






NGE 


resistance * good resistance to basic slags « 






good volume stability 














ROOF BRICKS 







) years Stein Refractories have proved their 
ty in the iron and steel industries. This long Fired Brands 
e is always at your service for improved Stein KM Roof Quality, Stein KM S._D 












Stein Mag. C 


cy 







Chemically Bonded Brands Stee! Cased 
Stein Dikro, Stein Dimag 


















JOHN G. STEIN & (CO. LTD. Bonnybridge, Seotland. Tel: Banknock 255 (4 lines) 
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CRAE ITS MANS Mir 
BY TEE TON 


This heavyweight turned the scales at 28 tons, 10} cwts. It is a 
Duplex Manganite Alloy Indefinite Chill Work Roll, 39” x 150” x 266”, 
for a 4 High Plate Mill. From this, to the smallest work roll, 


you can rely on us for accuracy and quality. 


T H E 3 be i T | S rd R. B. TENNENT LTD., 


WHIFFLET FOUNDRY, COATBRIDGE, 
SCOTLAND, TEL.: COATBRIDGE 425. 


C. AKRILL LTD., 
| i I i MI /aN IKK baR. S WESTON ROAD, CREWE. 
( TEL.: CREWE 3412. 
THOMAS PERRY LTD., 
< HIGHFIELD WORKS, BILSTON 
_€y— CORPORATION | #22" 
MIDLAND ROLLMAKERS LTD., 


, ESTO , CREWE 
ROLIMAKERS HR M * E D TEL: CREWE 312. : 





@ 
LONDON OFFICE: 38, VICTORIA STREET, S.W.t. Telephone: ABBey 6407 
BRC 34 
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Photo courtesy Steel Co. of Wales 


A NEW STEEL MAKING PROCESS 
THE VLN PLANT 


AT THE STEEL COMPANY OF WALES LTD 
INSTRUMENTS AND CONTROLS INSTALLED BY 


REAVELL-FAHIE LTD 


RANELAGH WORKS 
Reavell-Askania Regulators. Instrument 


IPSWICH Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 


Project studies and reports. 


@ | TELEPHONE: 52912 


Bey 64°07 ~~ 
y BC 34 “i 
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TRAVELS FASTER ON... 


TIMKEN 


tapered roller bearings 











who 


use 


EFCO 


HEAT TREATMENT PLANT 





At British Timken, rollers have their own line— 

an EFCO continuous production line—wher 
been previously carburised they are autg 
hardened and tempered to the precise specif 
necessary for them to perform their aedooun 


duties for British Railways. EFCD FURNACES 
the best of the worlds furnace designs 


Like Timken—be on the right lines—with EFCO 


EFCO FURNACES LIMITED 
QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389/ 


Associated with Electro-Chemical Engineering Co. Ltd 


wRP/ R302 
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NEW CRANE ERECTION SHOP 


Wellmans 


announce the com- 
pletion of their new 
Crane Erection Shop 

at their 

Globe Lane Works 
Dukinfield 


Cheshire 





In future all Wellman Cranes will be completely erected and subject to initial 
tests before delivery to the customer commences. This feature of Wellman’s 
service to the client will ensure smooth erection at site and minimum delay, a 
feature which is particularly important where cranes have to be erected in the 
vicinity of continuing production ; the hindrance will therefore be reduced toa 


bare minimum. 
















Our photograph reproduced 
by kind permission of Messrs. 
RICHARD THOMAS & BALDWINS 
LIMITED, shows the first of 
four 85 TON LADLE CRANES 
ordered from Wellman by 
Richard Thomas & Baldwins 
Ltd. for their important new 
works at Newport, Mon- 
mouthshire — successfully 
undergoing full load tests. 
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THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST 
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W. BARR, 0O.B.E., A.R.C.S.T., F.1.M. 


WILLIAM BARR was born at Larkhall, Lanarkshire. He was 
educated at the Hamilton Academy and the Royal College of Science 
and Technology, Glasgow, where he gained the diploma in metallurgy 
in 1921, and the associateship of the college in the following year. 

In the First World War Mr Barr served in the Special Brigade, Royal 
Engineers. After completing his academic training he joined the staff of 
Messrs David Colville and Sons Ltd in 1922 as a metallurgist. In 1936, 
after the formation of Colvilles Ltd, he became chief metallurgist of the 
company, and was appointed a special director in 1947 and a director 
in 1954. He was appointed a director of the Fulwood Foundry in 1945 
and chairman in 1957. In the same year he was awarded the O.B.E. 
During his long association with Colvilles, Mr Barr has contributed 
articles and technical papers to numerous societies, his activities being 
specially devoted to researches on creep, brittle fracture of mild steel, 
and the development of low-alloy high-tensile structural steels and 
stainless-clad steels. In the Second World War he was a pioneer in the 
development and production of armour and bullet-proof plates by the 
basic open-hearth process. He was a member of the British Mission 
which visited the USA in 1943 in connexion with the conservation of 
alloys in steel production. 

Mr Barr's specialized knowledge of alloy steels and welding has been 
recognized by his service on many technical committees. Among those 
on which he is currently serving are the BISRA Council, the Research 
Board of BWRA, the Heavy Steel Makers’ Technical Committee, and 
the Technical Committee of Lloyd's Register of Shipping. 

Mr Barr is a Vice-President of the Institute of Welding, a Founder 
Fellow and Past President of The Institution of Metallurgists, a Past 
President of the West of Scotland Iron and Steel Institute, and 
Chairman in Scotland of the Joint Committee for National Certificates 
in Metallurgy. He has been a member of The Iron and Steel Institute 
since 1925, a Member of Council since 1948, Honorary Treasurer from 
1953 to 1959, and he was President for 1959-60. He has been awarded 
the Bessemer Gold Medal for 1961 in recognition of his outstanding 
work in the development of weldable high-tensile steels for the 
engineering and shipbuilding industries. 


7 ¥ . 
ide age ona = caper) oe pounded 





‘i 
Fas 
} 

7 
- 


ee 


POE tect oe 


ie actianhs dine ade 





I ER ANS Re SES 


Bes 


I 


ee 


ES ae 









eet 


eee ee 


Bit ake ac 


RE Re Ce eg 
Ss gh 08 hat ut ay pm 


wets ee 
os te ghey de Chg 
id Ede ae 


Pilih op mlaeibctar 3c ie as pan 52 a3 














REA RENIN REY IP ERIE LIE SITE A AY 
sat GAPE Se PW aa Hi i A HO 


ak rg 4h LS Ne EK RAE MNE SLED PMCS EDEN sical 





= 
re 
F 
v3 
w 
+ 
a 
ual 
s 
° 
3 
a 
> 


$ 
2 
rc] 
3 
= 
3 
.°) 
© 
~ 
o 
S 
a 
” 
74) 
rH 
© 














+. Be pata i" . aa - nO A OO A ICE a NL TNA a a OE ce A TS AES 





PD MOMAL ak SUN Sg Ga ROR L GATS 


POEL DBE cg RE ER ETAL 





REVIEW 
A. J. K. Honeyman 


‘Production of wide steel strip’ 


2 


This is a report of a symposium held in London on 3-5 May 1960. It comprises a fore- 
word by Mr W. F. Cartwright, p.L., 3.P., President of The Iron and Steel Institute, and 16 
papers and the discussions on them. Contributions include three from the USA, and one each 
from Australia, Holland, and Italy. Thus the report has a true international flavour. The 
papers are classified in five sections, corresponding to the five sessions of the symposium: 


A Future requirements of the tinplate and vehicle industries 
B_ Steelmaking for wide strip 


| 
4 


Hot rolling of wide strip 


D Cold rolling and heat treatment of wide strip 


E Coatings on wide strip 


The first and last sections deal to some extent with the utilization of wide strip so that 
the title of the report could well be ‘Production and application of wide steel strip’. 


Session A 


Future requirements of the tinplate industry, by 
C. E. Sutton 


Future requirements of the motor-car body industry, by 
W. E. Lambourn, M.B.£. 


Mr Sutton’s paper is excellent. He shows how and why 
the post-war demand for tinplate has been and con- 
tinues to be on the increase, particularly for open-top 
food containers, and goes on to estimate future de- 
mands bearing in mind the possible competition from 
alternative packing materials. Despite this Mr Sutton 
paints a rosy picture of the future as can be seen from 
Table II of his paper (reproduced here). He gives well 
reasoned arguments for his optimism. For example, 
‘The growing practice of selling goods under brand 
names ... and the development of self-service stores 
and supermarkets, have created substantial increases 
in the demand for packages’. Again, ‘A large number 
of married women will continue to work and the 
shortage of domestic help in homes will stimulate 
demand for easily prepared foods’. 

As a large purchaser of tinplate, the author is 
naturally concerned with quality, but he is very fair to 
suppliers and his minor criticisms are not unjust. He 
rightly emphasizes that continued co-operation 
between suppliers and users is a sine gua non of pro- 
gress. From the paper and discussion it appears that 
research is still required on the problems of corrosion, 
the economical production of lighter strong tinplate, 
and differential coatings. 

Finally, Mr Sutton draws attention to the fact that 





‘Production of wide steel strip’, ISI Spec. Rep. no.67, 1960, 
196pp., £3 5e. 


the annual can consumption per head of the popula- 
tion in the USA far exceeds that in the UK. Altogether 
this is a masterly survey. 

Mr Lambourn deals with his subject in quite a 
different manner. He begins with a brief historical 
survey and a discussion of the influence of modern car- 
body design on the demand for sheets over 55 in wide. 
He concludes that there is at present no justification 
for the installation in UK of another strip mill for very 
wide sheets. The remainder of the paper is largely 
devoted to a discussion of future requirements, 
summarized thus: 


(i) further progress in improving consistency of 
good ductility, freedom from surface defects, 
and uniformity of thickness 

(ii) conditions conducive to good welding 

(iii) greater quantities, to remove the present neces- 
sity of substantial imports, and to meet the 
further increases in demand which can be 
expected in the near future 

(iv) maintenance of basic price and ‘extras’ at the 
lowest possible level, consistent with current 
production costs. 


The suppliers of sheet come in for some quite strong 
criticism, tempered with some praise, e.g. ‘In general 
there has been a considerable improvement of quality 
in recent years. The users should give due credit for 
this to the technicians and operators of the wide strip 
mills.’ The technicians and operators will doubtless 
take the criticisms to heart and will be grateful for the 
crumb of comfort. 

During the discussion Mr Lambourn referred to the 
use of pre-coated sheet, but did not hold out much 
hope for its application to car bodies, at least in the 
near future. 
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2 Review: ‘Production of wide steel strip’ 


Estimated UK tinplate consumption by trades (1000 long tons) 

















(Table 11 in paper by C. E. Sutton) 
1959 1965 

Fruit and vegetables 161 190 
Beer and soft drinks 11 100 
Milk and milk puddings 51 75 
Soup 37 60 
Animal foods 37 55 
Meat and fish 19 25 
Paints 48 60 
Polishes 24 30 
Other containers 192 215 
Total containers 570 810 
Other uses 80 90 
Total 650 900 
Session B 


Oxygen steelmaking for flat-rolled products, by R. W. 
Evans 

Open-hearth steelmaking practice for flat-rolled products, 
by 8. J. Dougherty (USA) and Ralph Duffett (USA) 
Production of steel with intensive use of oxygen in the 
open-hearth melting shop at Cornigliano, by M. Foresi 
(Italy) and G. Massobrio (Italy) 

Quality control of wide strip mill products, by J. H. van 
der Veren (Holland) 

The production of tonnage oxygen has produced revo- 
lutionary (in more senses than one) changes in steel- 
making and Mr Evans admirably summarizes the 
fascinating story of the development in pneumatic 
processes with emphasis on the production of low- 
phosphorus, low-nitrogen steels so necessary in the 
manufacture of high-quality wide strip. Of particular 
interest is his account of the O,-H,O process as carried 
out at the Abbey Works of The Steel Company of 
Wales. No air is used and nitrogen contents of the 
order of 0-001°%, are consistently obtained. The 
biggest problem which had to be overcome was that of 
low bottom and lining lives and considerable success 
in improving these lives to economic standards has 
been achieved. Other new processes described and 
amplified in the discussion include the LD, Kaldo, and 
Rotor methods. Of these processes, the LD at present 
produces by far the largest tonnage, though it has the 
disadvantage of not being adaptable to deal with high 
phosphorus metal. To overcome this the LD—AC pro- 
cess injects powdered lime with the O,. The present 
state of development of this process is outlined by 
Mr P. Metz in the discussion. 

The next two papers are of particular interest to 
open-hearth operators for they describe OH practice 
in two American plants (Wierton and Great Lakes) 
and an Italian plant. The US contribution covers every 
phase of operation from charging in the OH furnace to 
transfer of ingots to the soaking pits. Mechanically and 
chemical capped steels and aluminium killed steel are 
discussed as well as fully rimming steels. Of mechani- 
cally capped steels the authors state that ‘The heat 
should be tapped while bath is still on a good action, 
not flat’. Other features of US practice not common 
in the UK are the coating of moulds, the ‘splashing’ of 
ingot tops during rimming and the inversion of Al- 
killed steels (b.e.d. ingots) in the soaking pits. This 
practice is stated to give freedom from pipe and a slab 
yield 3-4°%, over that obtained with hot top ingots. 
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Messrs Foresi and Massobrio confine their paper to a 
very full account of experimental and production 
trials of the extensive use of oxygen for OH combus- 
tion and refining. They show an impressive increase in 
productivity of over 50% and a fuel saving of 30% 
when oxygen is used to the extent of 25-55 m*/ton for 
combustion and 5-72 m*/ton for refining compared 
with the practice using no oxygen for combustion and 
3-78 m3/ton for refining. There is of course an increase 
in refractory consumption but the total cost reduction 
is still over 4%. The authors suggest that ‘immersion 
of the lance may give better results in terms of produc- 
tivity and at the same time reduce the emission of red 
fumes’. Their proposed test with a special water-cooled 
lance for immersion will be watched with considerable 
interest, for from the discussion of these two papers it 
is apparent that the problem of fume emission is still 
not entirely resolved. Other matters raised in discus- 
sion included slag control and the optimum size of 
ingots. This latter question is discussed later in this 
review. 

Mr van der Veen confines his paper to a carefully 
reasoned survey of the principles attending the 
organization and functions of quality control, and no 
one would disagree with what he has to say. It is well 
known that at IJmuiden they have a first-class quality 
control organization and metallurgists in the UK and 
elsewhere would have appreciated it if this organiza- 
tion had been described in some detail. In reply to a 
question Mr van der Veen stated that ‘only about ten 
people are necessary to deal with the punched cards in 
all the investigations whereas about 200 people are 
dealing with observations in the works’. One would 
like to know how these 200 are deployed. 


Session C 

Layout and design of a modern hot strip mill, by M. F. 
Dowding, C. Sturdy, and A. A. Thomas 

Operations of the wide-strip rolling mills at Fairless 
Works, by L. K. Johannsen (USA) 

The first of these two papers deals in general terms 
with the problems arising in layout and design of semi- 
continuous to fully continuous wide-strip mills, and as 
was said in the discussion both papers provide valu- 
able information to those contemplating the installa- 
tion of a new mill. As would be expected from engin- 
eers, the authors are primarily concerned with maxi- 
mum output, and ingot and slab sizes are considered 
almost entirely with this in mind. Mr Johannsen gives 
a very full and admirable account of the practice at 
Fairless, and states that there ‘quality is second only 
to safety ... With this in mind only mould designs 
and sizes that had consistently produced prime- 
quality ingots in sister plants were used.’ One would 
have wished that more had been said on this subject. 
The present reviewer believes that metallurgically it is 
better to obtain larger ingot weights by increasing the 
thickness rather than the height. This has the double 
advantage of reducing segregation and of doing more 
work in the primary mill. But, of course, this latter 
metallurgical advantage is at the expense of output 
and so it is usually ignored. 

One quote to be noted by mill managers and 
metallurgists is that ‘Slab-surface quality was im- 
proved by the development of minimum slab-finishing 
temperatures’. The finishing temperature range speci- 
fied is 1 122-1150°C, 
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In discussion the question was raised of the tem- 
perature gradient from end to end of the slab before 
entering the first finishing stand, but no satisfactory 
answer was forthcoming. It is astonishing that little 
attention appears to have been given to differential 
heating of slabs so that not only the gauge but also the 
metallurgical properties of the strip could be made 
more uniform from end to end. 

Automation and automatic control are widely dis- 
cussed. The outcome may briefly be summarized by 
the following quote: 

The President: ‘Do I understand that none of the 
schemes which you propose for automatic gauge con- 
trol will give metallurgical consistency from end to 
end?’ 

Mr Dowding: ‘Yes.’ 


Session D 


Metallurgical principles and practice in the manufacture 
of cold-reduced tinplate, by W. J. S. Roberts 


The rolling of very thin tinplate, by M. D. Stone (USA) 
Some engineering and operating problems in the con- 


version of a tandem cold-reduction mill to high speed, by 
W. H. Corlett, 8. A. Lewitt, and 8. A. R. Gray 


Short-time annealing characteristics of capped, rimmed, 
and semi-killed wide strip, by P. N. Richards (Australia) 


Annealing of cold-reduced sheet and coil at The Steel 
Company of Wales Ltd, by H. H. Ascough 

Mr Roberts discusses very fully the metallurgical 
aspects of the manufacture of tinplate from the com- 
position and hot rolling of the steel base to the 
finished product. The importance of composition 
arises from the fact that inside the can the tin affords 
cathodic protection to the steel base. The importance 
of finishing and cooling temperatures in the hot strip 
mill is emphasized and batch and continuous annealing 
are briefly described. The properties of the various 
‘tempers’ are discussed and Mr Roberts suggests that 
the word ‘temper’ should be discontinued as applied to 
tinplate and a quality number substituted. With this 
proposal most metallurgists would agree, and they 
would also propose that ‘substance’ be replaced by 
gauge. Finally, the proportion of the tin coating are 
discussed with particular reference to porosity. 

The Australian paper describes some considerable 
experimental work ‘to determine the response of 
domestic Australian steels to short-time annealing and 
subsequent galvanizing’. The important and novel 
feature of the process is that after short-time heating 
and soaking (30 s) the strip is cooled to 450°C in 60 s 
and finally air cooled. Comparisons are made between 
the mechanical properties obtained with batch and 
short-time annealing for rimmed, capped, and semi- 
killed steels each with high and low coiling tempera- 
tures. Similar comparisons are made for the various 
steels in the annealed, coated, and roller-levelled con- 
dition. It is interesting to compare this short-time 
annealing with that proposed by BISRA (referred to 
in the discussion). This involves heating rapidly to 
700°C and quenching immediately to about 220°C and 
coiling at that temperature. 

Mr Ascough’s paper was first presented at a sym- 
posium at The Case Institute of Technology, Cleve- 
land, Ohio, where it created considerable interest and 
discussion. The paper not only discusses metallurgical 
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factors in batch and continuous annealing but also 
deals with capital and running cost of various methods 
and plants which are fully described. Reference is also 
made to open-coil annealing, amplified in the dis- 
cussion by Mr V. J. Gibbons (Lee Wilson Engineer- 
ing, SA). Making due allowance for business enthusi- 
asm, it does appear that open-coil annealing has very 
great possibilities. Metallurgically, it has everything to 
recommend it and the chief problem appears to be that 
of handling extra large o.d. coils. 

Mention has been made of the demand for very thin 
tinplate, and Mr Stone reviews some of the methods 
proposed. These include a six-stand cold reduction 
mill, passing the strip through the five-stand mill 
twice with or without intermediate annealing, double- 
layer rolling as is done with aluminium foil, and cold 
reduction after tinning. This last proposal surmounts 
the handling difficulties attending very thin strip, and 
would produce a polished surface without the necessity 
of flow melting. The increase in directional properties 
would not be a disadvantage in many applications. 

The paper by W. H. Corlett et al. will be of con- 
siderable interest to steelplant engineers. The present 
reviewer is not competent to comment, but it does 
appear that management and engineers at Shotton are 
to be congratulated on transforming the will into the 
deed and producing virtue from necessity. 


Session E 


The application of tin coatings in the manufacture of 
tinplate, by Garnet E. Jones 


Galvanizing: a review of the hot-dip processes with some 
reference to electro-galvanizing, by H. Edwards, E. D. 
Harry, and E. Jenkins 


Plastic-coated steel: a promising new sheet material, by 
S. S. Carlisle and W. Bullough 


Mr Jones briefly outlines the history and development 
of the tinplate industry and describes modern pro- 
cesses of tinning by hot-dip and electrolytic methods. 
Of the latter the ‘Ferrostan’ process is considered in 
detail since it constitutes more than half the total and 
is the only one used in the UK. On the question of 
corrosion, Mr Jones also emphasizes the importance of 
the composition of the base metal, but it comes as a 
surprise to learn that there is no significant relation- 
ship between the porosity of electrolytic tinplate and 
shelf life. 

The paper on galvanizing reviews very completely 
the development of the hot-dip process and the various 
metallurgical factors which affect the performance of 
the coating. Electrogalvanizing is also briefly de- 
scribed, and reference is made to competition with 
other coatings such as plastics and vitreous enamel. Of 
particular interest to metallurgists is the contribution 
to the discussion on these two papers by Dr Hughes, 
an acknowledged expert on metallic coatings. Mr 
M. H. Davies (Zine Development Association) pointed 
out that though there was an increasing world demand 
for galvanized sheet, UK production has dropped 
drastically so that as a major producer we have been 
overhauled by Japan, France, and Australia. 

The final paper, on plastic-coated steel, reviews the 
processes developed at home and abroad with a more 
detailed description of ‘Plasteel’ developed and 
patented by BISRA. The advantages of PVC coatings 
are enumerated and illustrations given of their 
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applications. The material can be lock-seamed and 
welded though the latter process is relatively slow and 
cumbersome. First cost is rather high at present but 
despite this there is already a not inconsiderable 
market which doubtless will increase, with probable 
reduction in cost. Application to the motor-car 
industry has not been very encouraging for reasons 
outlined by Mr Lambourn in the discussion of his 
paper. Surprisingly enough, little mention was made 
of vitreous enamelling or aluminium coatings. 
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To sum up, the report provides a comprehensive 
survey of almost every aspect of the production of 
wide steel strip. All of the 16 papers are of high 
quality and some are of outstanding merit. From the 
printed discussion, which enhances the value of the 
report, it is apparent that the symposium was an out- 
stariding success, and the report of the proceedings 
will for a long time to come be of immense value to 
managers, operators, metallurgists, and users con- 
cerned with flat-steel products. 


Number 1 (January 1961) of the cover-to-cover translation of the Russian journal 


Stal’ will be published shortly. Principal contents are given below. Full details of 


subscriptions to Stal in English are available from the Secretary of The Iron and 


Steel Institute. 


IRONMAKING 

Reducibility of sinter produced by various works in the USSR 
Slag formation in a blast-furnace operated at a high pressure 
Hot-blast stove of heatproof concrete blocks 


Increase in productivity of belt conveyors at sintering plants 


STEELMAKING 
Open-hearth furnace or oxygen-blown converter? 


Crystallization and improvement of quality of 18-30 KhGT 
steel ingots 


Dependence of process of metal desulphurization on 
conditions of mass transmission 


Manganese conditions in Ell, E12, and E13 dynamo steel 


ELECTROMETALLURGY 
Improvement of process of melting of construction alloy steel 


Pouring of electric steel using wooden frames 


FERROALLOYS 


Decarbonization of ferrochromium in converter by blowing 
oxygen 


ROLLING AND TUBE PRODUCTION 
Heating of finishing stand rolls of wide strip mill 


Effect of elastic deformation of rolling stand on cold-rolling 
process of tubes 
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Construction of shaped tube sections 


Improvement of quality of inside surface of tubes when 
reducing diametric pitch during piercing 


METALWORKING AND HEAT TREATMENT 


Effect of heat treatment on transformations in Kh17N7Yu 
steel 


Use of 20KhGR cementing boron steel for manufacture of 
car parts 


Mechanical properties of low-alloy steels 


ECONOMICS AND ORGANIZATION 


Comparative efficiency of melting killed-carbon steel in open- 
hearth and electric furnaces of large capacity 


Reduction of idle time of open-hearth furnaces under repairs 


About specialization of rolling mills 


SMALL COMPONENT PRODUCTION 


Effect of straightening on relaxation of wire used for 
prestressed reinforced concrete 


Conditions for drawing of acid Bessemer steel 


POWER AND PLANT 


Utilization systems with heat pumps for iron and steelworks 


GENERAL 


Effect of impurities in zinc on its flowability during galvanizing 
of steel 
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PAPERS AND REPORTS ON RESEARCH AND PRACTICE 


Metallurgy 
Plant Operation 
Research 


Some operational details of a large 


electric melting shop 


W. S. Walker, Ph.D., M.Sc. (Tech.), and T. H. Harris, A.Met. 


INTRODUCTION 


TWO ELECTRIC ARC furnaces, of 19 ft shell dia. came 


into production in 1958 at Round Oak Steel Works. 


The construction of the melting shop has been fully 


described elsewhere ,* but a few details about the plant 
are given below. 


Figure 1 is a plan of the melting shop. This is made 


up of a scrap bay, 265 ft long, equipped with two 15- 
ton magnet cranes, a furnace bay 320 ft long with a 
75-ton charging crane, a casting bay 375 ft long with 
115-ton ladle crane and a 15-ton general purposes 
crane. All three bays have a crane span of 65 ft. 

In addition to the three new bays an older building, 
which formerly housed two tilting open-hearth furn- 
aces, has been converted for mould preparation and 
the stripping of heats cast on cars. In the scrap bay a 
100-ton weighbridge is installed, 18 ft below floor 
level, on which the charging buckets carried on a bogie 
are weighed as loaded. The loaded buckets are drawn 
into the furnace bay by winch, passing underneath the 
rail track. 

In the furnace bay a mezzanine floor at one end is 
used for electrode storage and make up and the storage 
of roofs. Opposite the furnaces, bunkers are sited for 
the storage of fluxes and fettling materials. 

The two furnaces are equipped with transformers 
rated at 20 mVA with secondary voltages from 400 
down to 160. 

The casting bay contains facilities for casting in pits 
or on cars. Figure 2 is a composite cross-section of the 
shop. 

The furnaces were installed for the production of 
plain carbon steels by the single slag process. Since 
their installation, an increasing proportion of alloy 
steels has been made and these, at present, make up 
more than 20°, of the production. 

The furnaces are cold charged, generally a 100%, 
steel scrap charge is employed. The practice may be 
broadly divided into two groups: 

(i) single slag process for tonnage plain carbon and 
low alloy steels 

(ii) double slag process for alloy steels and special 

carbon steels. 





Manuscript received 6 January 1961. 

The authors were with the Round Oak Steel Works, Brierley 
Hill, Staffs., when this paper was written. Dr Walker is now a 
director of Campbell, Gifford and Morton Ltd, Weybridge. 

* Iron Coal Trades Rev., 22 April 1960, 917-924. 


SYNOPSIS 

In 1958 two electric arc furnaces of 19 ft shell dia. were 
installed at Round Oak Steel Works, primarily for the 
production of carbon steels, although since commissioning 
an increasing proportion of alloy steels has been made. 
Some details of the refractory linings of the furnaces and 
of the systems for fume extraction and electrode building 
are given. The charging and working of various qualities 
of steel is described and production figures over a year’s 
operation quoted. 1914 





Experiments have been carried out using varying 
percentages of pig iron, pig iron and ore, and types of 
scrap. 

In order to appreciate some of the general opera- 
tional details, it will be of help to give details of the 
refractory lining and consumption, and fume extrac- 
tion system. 


REFRACTORY LININGS 


The bottom of the shell is lined with 2 in of firebrick 
and three 3 in courses of magnesite. Above this is 
rammed 14 in of dry graded dolomite giving a total 
bottom thickness of 25 in. 

The banks, also of dry graded dolomite, are rammed 
around a fabricated MS former, the bank angle being 
vo”. 

The wall at the back of the banks is 14 in magnesite 
(stabilized dolomite may be substituted for part of the 
magnesite). 

The furnace hearth has a diameter of 15 ft 8 in at 
sill level and a depth in the centre of 36 in. 

The nominal metal holding capacity at 2 in below 
sill level is 65 tons. Up to 85 tons has been charged. 

The 14 in thick side walls are built with metal cased 
magnesite or magnesite chrome crowns, 14 in x6 in/ 
5} in x3 in. Indications to date are that slightly better 
results are obtained with magnesite. 

Panels of electrocast chrome magnesite blocks 
(Corhart 104) are put in the positions where it has been 
established that the most rapid erosion takes place 
and comprise, in volume, about 10°, of the side walls. 

When the furnaces were installed, the transformers 
were connected to give opposite rotation of the phases, 
having regard to the handing of the furnaces, to 
allow the possible effects to be observed. 
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Figure 3 illustrates the direction of phase rotation 
on the two furnaces and the normal location of hot 
spots. 

Owing to the shorter current path the resistance and 
self-inductance of the centre, or no.2, phase is lower 
than that of the two outer phases and the power input 
is higher, giving the ‘hot’ phase. With the differences 
in electro-magnetic coupling inherent in the layout of 
the conductors the power developed in the phase 
following the centre phase, in the direction of phase 
rotation, is higher than in the third phase giving the 
‘medium hot’ phase. Measurement of the impedance 
of each phase, under varying conditions, is being 
carried out, with a view to obtaining a closer balance 
of power input between the three phases. The hot 
spots which develop in the side walls correspond to the 
‘hot’ and ‘medium hot’ phases: on the mast wall and 
left of tap hole on G furnace, on the mast wall and 
right of slagging door on H furnace, although some of 
the mast wall wear is probably contributed to by 
reduced cooling effects in this area. Side walls without 
electrocast blocks have normally lasted 100 to 110 
heats with some brick patching being required in the 
hot spot areas during the campaign. With panels of 
electrocast blocks in these areas (the standard depth 
for the panels is 2 ft 6 in with widths between 5 ft 6 in 
and 8 ft), 135 to 145 heats are obtained without 
patching. 

A BRI gun is used for general wall maintenance and 
the repair of localized hot spots. (It is also used for slag 
line fettling in those cases when normal fettling prac- 
tice with dolomite would tend to thicken up the banks.) 

A normal time for a side wall rebuild is 24 h, 8 h 
being allowed for cooling and 16 h being taken in 
stripping out the old lining and rebricking. Strips of 
mild steel of 3 in x} in section are put between the 
lining and the shell, at 3 ft intervals, to aid in dis- 
mantling. 

A water-cooled platform, 13 ft 10 in in dia., is 
positioned in the furnace for the stripping and bricking 
operations. The roof is of silica brick, 14 in thick, with 
two courses of high-duty firebrick next to the water 
cooled skewback ring. Roof lives have averaged 52, 
with a best life of 79, failure generally occurring in the 
vicinity of the electrode ports or fume extraction port. 

Trials of castable refractories are being undertaken. 

To date the consumption of refractory materials is 
as shown below: 


lb/ton of steel 


produced 
Basic side walls 11-75 
Silica Roof 9-75 
Gun cement; side wall patching 2-75 
Fettling doloma 23 


FUME EXTRACTION 


Figure 4 shows diagrammatically the fume extraction 
system which is in operation. While in principle this is 
considered to be an ideal system, to date all opera- 
tional difficulties have not been overcome. 

It will be seen that the fume is extracted through a 
30-in dia. port built in the roof opposite no.2 electrode. 

A water-cooled elbow, fixed to the roof supporting 
structure is, when the furnace is level, in line with a 
horizontal water-cooled section which leads into a 
vertical brick-lined duct. There is sufficient clearance 
between the elbow and the horizontal section to allow 
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2 Composite cross-section of 
melting shop 
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3 Direction of phase rotation and corresponding hot spots on 
G and H furnaces 


the furnace to be tilted and the roof slewed. The 
arrangement is shown in Fig.5. 

The vertical duct leads down to a brick-lined flue 
running below sub-floor level which is brought up to 
ground level outside the furnace bay. 

A fan having a capacity of 30000 ft®/min at NTP 
positioned here draws the waste gases from the furnace 
and discharges them to atmosphere through a stack. 
The normal extraction rate is about 18000 ft®/min into 
the stack made up of 12000 ft?/min actually drawn 
from the furnace with 6000 ft?/min of dilution air to 
reduce the temperature of the gases to a safe limit 
before passing through the fan. 

In the original installation equipment was incor- 
porated to maintain, automatically, a constant furnace 
pressure. A probe located near the top of the furnace 
side wall was connected to a pressure regulator and 
recorder. This in turn actuated a servo mechanism 
linked to a main control damper in the vertical down 
take. The range of regulation covered was + 0-05 in 
to —0-15 in wg and control at —0-04 in to —0-05 in 
wg was attempted. 

It was found that, at this negative pressure, there 
was a large ingress of air at sill level and to reduce 
thermal losses a positive pressure was desirable, 
resulting in some escape of fume at the electrode ports. 

The temperatures of the gases in the vertical down- 
take, reaching at times well over 1500°C, caused rapid 
deterioration of the control damper and automatic 
edntrol was discontinued after a short trial period. 

The draught is now regulated by means of a multi- 
leaf damper positioned in the duct adjacent to the 
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4& Diagrammatic view of fume extraction system 
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§ Vertical and horizontal ducts and water-cooled elbow for fume 
extraction, H furnace 


exhaust fan. The damper is operated by an electric 
motor remotely controlled by push buttons on the 
furnace panel. 

A trouble which has not yet been overcome is dust 
deposition in the elbow and the horizontal section of 
ducting next to the furnace. Steam blowers have been 
installed in the horizontal duct but the temperatures 
reached here partially fuse the dust, and rodding by 
hand is necessary. 

The effect of this system of fume extraction on man- 
ganese recovery is shown in Fig.6. This provides a 
measure of the oxidizing effect of roof extraction not- 
withstanding that on those heats made with the 
extraction system connected, the fan was stopped 
during the finishing stage, that is after the tapping 
sample had been drawn. This could be an undesirable 
feature when using a reducing slag. 

On one furnace a water-cooled damper has been 
fitted between the elbow leading off the furnace and 
the horizontal section of duct. This seals off the elbow 
when a double slag heat is being made and allows 
reducing conditions to be maintained. 

Modifications to the system, including flame traps 
near the furnaces and fume-cleaning equipment are in 
the design stage. 











6 Effect of fume extraction on yield from manganese addition. 
on balanced heats 
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7 Estimated effect of charging turnings on output of one furnace. 
Based on 50 heats on H furnace with varying proportions of 


turnings charged 


ELECTRODES 
The graphite electrodes are 20 in dia. jointed with 
tapered nipples of 4 threads/in pitch. Building of elec- 
trodes is done off the furnaces, the equipment com- 
prizing seven clamps with hand-operated screws for 
tightening, arranged in line, with a pneumatic cylinder 
positioned at one end. A tightening band is clamped 
around the top electrode and connected by chain to 
the pneumatic cylinder. The length of the lever on the 
tightening band and the pressure at which the pneu- 
matic cylinder is operated are designed to give a 
tightening torque in the region of 2300 ft-lb. 
Electrode consumption is currently between 12-0 
and 12-5 |b/ton of ingot, although figures of 11-0 lb/ton 
and less have been recorded over some weeks. The 
rather high figure is mainly due to breakages caused 
by non-conducting material in the scrap. The direct 
fume extraction system has some effect in increasing 
consumption. This is estimated at about 0-5 Ib/ton. 


THE CHARGE 
Advantage has been taken of buckev charging and the 


relatively large volume of the electric furnaces in 
charging the lighter scrap received, the heavier scrap 
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9 Sketch of raw materials dryer 


and mill returns being directed to the OH furnaces. 
The electric furnaces have thus, to some extent, acted 
as scrap beneficiators. 

From time to time shortage of suitable scrap has 
necessitated the use of a proportion of turnings. When 
making some qualities of steel, such as balanced, 45 to 
50 tons of turnings have been charged; indeed some 
heats have been made with a 100° turnings charge. 
The main problems with turnings are contamination 
with oil and tramp elements and the difficulty of 
getting effective heat transference through the charge 
due to their insulating properties. 

This difficulty with heat transference slows down 
the melting rate and with over 50°, of turnings in the 
charge has a marked effect on output (see Fig.7). 

An additional factor which lowers the production 
rate is the lower yield obtained from turnings. The 
ingot yield from a charge containing 65°, turnings is 
generally about 5°, lower than that from a charge 
wholly composed of heavy scrap. 

Without adequate fume extraction, the flames from 
the contaminated oil caused severe overheating of the 
furnace top structure. It has been estimated that, on 
some heats, over 3 tons of oil has been charged. A case 
for the preheating of this form of scrap can be made 
and is indeed under consideration. 

With a three-bucket charge (which is normal with 
mixed light merchant scrap or turnings with a small 
proportion of heavier scrap), the bucket weights aimed 
at are: 


Ist bucket 35 to 40 tons 


2nd bucket 20 to 25 tons 


3rd bucket 15 to 20 tons 

On single slag heats, anthracite is charged to give 
sufficient carbon to allow a boil of 0-30-0-40°%C. Lime, 
equivalent to 24 to 4% of the charge, according to 
scrap quality, is put towards the bottom of the second 
bucket. Further lime additions are made later in the 
melt by diesel-driven box charger as required. Towards 
the end of the melting period, the slag is shaped up by 
scale and spar additions. Slag condition is judged by 
pancakes. If the slag is unsatisfactory or sulphur or 
phosphorus high, the slag is allowed to flush freely 
during oxygen or steam-oxygen blowing and further 
lime additions are made. 

Oxygen is piped to the furnaces through a 3 in bore 
line from the centralized liquid oxygen plant where 
four cold evaporators form a satellite plant for the 
furnace supply. 
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The evaporators are steam heated and can give a 
flow rate of 60000 ft*/h. 

The oxygen is injected into the furnace baths 
through 1-in bore lances at a pressure of 150 Ib/in* and 
flow rates of 650 to 700 ft?/min. 

Over the medium and higher carbon ranges the con- 
sumption of oxygen is about 4 ft*/0-01°%C removed, 
per ton of metal, with a rate of carbon removal of 
0-02°/min. The specific oxygen consumption increases 
fairly sharply, with a corresponding slowing of the 
rate of carbon removal in the lower carbon ranges. 

Figure 8 illustrates the specific oxygen consumption 
over varying carbon ranges. 

Overall consumption, on carbon steels, is normally 
between 130-150 ft*/ton. 

Experiments with steam/oxygen mixtures have 
shown a substantial reduction in the amount of fume 
formed. 

On fully killed qualities, the bath is blocked with 
25-30%, ferro-silicon or silico-manganese after the final 
sample has been drawn. The bulk of the required addi- 
tion of ferro-manganese is made to the furnace by 
mobile box charger and ferro-silicon added in the 
ladle. On rimming qualities the block and the ladle 
addition of ferro-silicon are omitted. 

Balanced qualities are also made without a furnace 
block. Part of the required manganese addition is 
made to the furnace by ferro-manganese and the 
remainder is added, as silico-manganese, to the ladle 
aiming at a finished Si of 0-06 to 0-07°%,. Final adjust- 
ment for balance is carried out by aluminium addi- 
tions to the moulds, if necessary. 

Appendix I gives the details of working of a fully 
killed forging quality made by the single slag process. 
It will be noted that an electricity consumption of 
526 units per ton of ingots has been attained. 

Appendix IT gives the details of a 1% Cr steel made 
under a single slag. 

Appendix III gives the details of a balanced heat. 
This heat melted lower in carbon than normal. 

On double slag heats the melting and oxidizing pro- 
cedure is similar to a single slag heat up to final 
slagging. 

The slag is removed by wood rabbles, 18 in wide 
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fixed on wood stales. The removal is assisted by 
sweeping with wood stales from the side door. 

Recarburizing, if necessary, is by a calcined car- 
burizer on bare metal, followed in some cases by ferro- 
manganese or silico-manganese. Ferro-silicon to give 
0-25°Si in the bath is then added followed by a slag 
mix of limestone and fluorspar. 

The limestone and spar are thoroughly dried before 
use through a rotary drier, fired by towns gas. Figure 9 
shows the arrangement of the dryer. 

The dryer is 8 ft long, 2 ft 6 in dia., has a rated 
throughput of 2 tons/h, and is fed from a storage 
hopper of 12 tons capacity, by an 18-in wide tray 
feeder conveyor. 

All alloy additions, except special deoxidants, are 
made to the furnace. 

A simple heater has also been installed for drying 
and preheating the ferro alloys used on double slag 
heats. 

This consists of a 5-ton capacity slag bowl fitted 
inside a steel cas‘ing ladle (see Fig.10). The ladle is 
lined with firebrick and mounted on trunions for tilting 
by an overhead crane. Four gas burners are spaced 
around the bottom of the ladle and heat the slag bowl 
to 750-800°C. 

As examples of the effectiveness of the heater, 
samples of 75% ferro-silicon containing 16-7 and 
10-4 H,/m1/100 g undried were reduced to 2-5 and 
2-4 H,/ml/100 g after heating for 3 h. 

Average consumption of fluxes and oxides over all 
qualities are given below: 


Ib/ton 
Lime 115 
Limestone 20 
Scale 14 
Ore 9 
Fluorspar 22 


Casts are teemed either direct or uphill according to 
requirements. Balanced and rimming grades are 
usually teemed direct, using double stoppers, into 
narrow end up type moulds. 

Killed steels are either uphill teemed, in groups of 
four or six ingots, from a single stopper, or top poured 
from double stoppers into wide end-up moulds. The 
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standard wide end-up mould, 24 in square at the top, 
gives an ingot weighing 4 tons 14 ewt. 

For top pouring ‘C and D’ floating hot tops are used. 
These have reduced to negligible proportions the 
incidence of hanger cracks which were a recurrent 
trouble with superimposed hot tops. 

Tapping temperatures normally range from 1555° 
to 1575°C for top pouring and from 1580° to 1600°C 
for uphill pouring. 

The ladles, of shallow oval shape, have a nominal 
capacity of 77 tons. They have twin stoppers and are 
fitted with Bagnall—Bethel patent detachable second- 
ary nozzles to give more accurate control of teeming 
speeds. Six ladles are provided for the two furnaces. 

Ladle drying and preheating is carried out by an oil 
burner which is fitted in a fabricated mild steel hood, 
the size of which corresponds to the top of the ladle. 
This hood is lined with plastic refractory and rests on 
top of the ladle. There are two hood assemblies and 
the lengths of flexible oil tubes and air hose are suffi- 
cient to allow one hood to be used on three adjacent 
ladles. 

Gas oil is used, being atomized by compressed air at 
25 Ib/in® pressure and compressed air is also used for 
the aspirator jets which provide combustion air. Oil 
consumption is 12-15 gal/h and air consumption 
35 ft* free air/min. 

After commissioning in April 1958, the first furnace, 
G, was operated on two shifts for the first three weeks, 
after which a full rota covering 21 shifts was started. 
Apart from a period of two months towards the end of 
1958 when the number of shifts worked was reduced to 
16 per week, this method of working has continued to 
the present time. 

Up to December 1960, 2611 heats have been tapped 
giving a total production of 182425 tons of ingots. 

The second furnace, H, was brought into production 
in December 1958, and up to December 1960 has pro- 
duced 129440 tons of ingots from 1882 heats. 

Over a year’s operations, from August 1959 to July 
1960, the two furnaces produced 139000 tons of ingots 
from 1994 heats. 

Single slag heats made up 80-7% of the total 
(59-6°% balanced, rimming and lower carbon forging 
qualities, 21-1°, higher carbon, and manganese 
qualities), and double slag heats 19-3%,. The furnace 
availability was 93-7°%,. 

The average consumption of electricity over all 
qualities was 642 kWh per ingot ton. On double slag 
heats the consumption averaged 710 kWh per ingot 
ton and, on single slag heats, 623 kWh per ingot ton 
(although, on individual heats, consumptions of 
around 520 kWh per ton were attained). 

The high average consumption on single slag heats 
was primarily due to the types of scrap charged which 
gave high sulphur and phosphorus melts and extended 
heat times. Delays due to breakdowns were also a 
factor, particularly on the fume extraction system 
where some ‘teething’ troubles were experienced. 

The overall effective ingot yield was 91-0°%. On 
double slag heats the yield averaged 93-0% and on 
single slag heats 90-5°,, the lower figure being mainly 
due to the types of scrap charged. The proportion of 
turnings charged was the main factor in producing low 
yields. 

The highest weekly output from the two furnaces is 
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3613 ingot tons from 51 heats. The highest individual 
furnace output is 1926 ingot tons per week. 

The production of the shop has not yet reached the 
ultimate and it is anticipated that, on the present mix 
of trade, an output of 170000 ingot tons per year can 
be attained, and, on single slag heats only, the output 
should exceed 200000 ingot tons per year. 
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Quality Forging 
Specification C 8 Mn Si 
0-20- 0-05 0-05 0-50- 0-20- 
0-23 max max 0-70 0-22 
Cast analysis 0-200 0-044 0-018 0-56 0-230 
Charge Ist bucket 2nd bucket 3rd bucket Total 
tons cwt tons cwt tons cwt tons cwt 
Clean merchant 17 11 12 0 20 2 
Mill scrap 3 16 5§ 14 
Tube scrap 8 12 2 6 
Short ingots 5 l 
Total 35 0 20 324-8 76 2 
Lime charged in 2nd bucket: 3 tons 
Total charge weight: 75 tons 2 ewt 
300 lb anthracite on bottom before Ist bucket 
30 cwt lime and 8 cwt scale before 2nd bucket 
Working procedure 
Time 
11.58 pm Last tap 
12.20 am Started charging 
12.30 am Power on Ist bucket 
1.26 am Power on 2nd bucket 
2.08 am Power on 3rd bucket 
3.02 am Temp. 
1560°C Cc 8 P Mn Slag 


Fe 
Ist sample 0-300 0-048 0-045 0-23 12-0 


3.10—3.18 am Blowing oxygen 


3.22 am Temp. 
1 565°C Cc Mn Slag Fe 
2ndsample 0-240 0-20 12-0 

3.25 am 400 lb low grade ferro-silicon 

3.28 am 1 100 lb ferro-manganese 

3.35 am Temp. 1565°C 

3.43 am Furnace tapped 

4.30 am Finished fettling 

Tap to tap time 3 h 45 min 


Ladle additions 37 lb Al, 600 lb 75% ferro-silicon 


8 at 3 tons 17 ewt 8 at 4 tons 14 cwt 
1 at 3 tons 


Ingots made 


Total weight 71 tons 8 ewt 
Units used kWh 37440 


Units per ingot 526 


APPENDIX Ii 


Quality 1% chrome forging (grain size 5-8) 

Specification C 8 P Mn Si Cr 
0-35- 0-05 0-05 0-70- 0-20—- 0-85- 
0-40 max max 0-90 0-25 1-15 

Cast analysis 0-370 0-026 0-020 0-86 0-230 0-98 
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Cha rge 


Clean scrap 
Tube scrap 
Mill scrap 
Scrap ingots 


Broken moulds 


Total 


Lime 


Ist bucket 
cwt 


tons 


~“~ho~l = 


“ 


2nd bucket 3rd bucket 
tons cwt 


tons cwt 
49 10 ] 
3 8 
9 2 

22 0 1! 
3 0 


Total 


2 0 
3 0 
5 0 10 0 


300 lb anthracite on bottom before Ist bucket 
30 cwt lime and 8 cwt scale before 2nd bucket 


Working procedure 


Time 

12.48 am 
.25 am 
.27 am 
40 am 
25 am 


to 


w 


10 am 
17—4.21 am 
.31—4.35 am 
.40 am 


atetats 


— 


.43 am 
47 am 
00 am 


— 


.ll am 
.13 am 


5.02 am 
5 
5 
6.00 am 


Sample 


Temp. 
1580°C 


Tap-to-tap time 


Ladle additions 


Ingots made 


Units used kWh 


Units per ton ingots 


Last tap 


Started charging 

Power on Ist bucket 
Power on 2nd bucket 
Power on 3rd bucket 


C Ss P 
0-04 


0-390 0-04 


Slag 
Mn Fe 
0-18 15-0 


Blowing O,, slag flush 


Blowing O, 
C 


Sample 0-190 


Mn 
0-13 


Slag Fe 
17-0 


500 Ib silico-manganese 


2500 lb ferro-chromium (4—6)%C 
Temp. 1570°C, 150 lb low-grade 


ferro-silicon 


1350 Ib ferro-manganese 


Temp. 1570°C 


Furnace tapped 
Finished fettling 


4h 25 min 


30 Ib 


15 at 4 tons 1 
70 tons 10 ewt 


37 200 


528 





aluminium, 


140 Ib 


4 cwt 


tons cwt 


ferro- 
titanium, 550 Ib 75% ferro-silicon 


Total weight 


APPENDIX 
Quality 


Specification 


Cast analysis 


Charge 


Balanced 


C S P Mn Si 
0-15- 0-05 0-05 0-60— 0-06 
0-19 max max 0-70 0-08 
0-19 0-031 0-014 0-68 0-07 
Ist bucket 2nd bucket 3rd bucket Total 


tons cwt 

Clean merchant 36 16 
Cast iron borings 2 4 
Total 39 0 


tons cwt tons cwt tons cwt 
24 13 1] 13 
4 18 


29 il li 13 80 4 


Lime charged in 2nd bucket, 4 tons 
500 lb anthracite and 15 ewt lime on bottom before Ist bucket 
30 ewt lime and 1 ton of scale before 2nd bucket 


Working procedure 


3.55 pm 
4.10 pm 
4.12 pm 
5.15 pm 
6.0 pm 


6.40 pm 


- 


3.43 pm 
.00 pm 
-04 pm 
.05 pm 


.50 pm 
Tap-to-tap time 
Ladle additions 


Mould addition: 


3 


Ingots made 


Temp. 
1550°C 


ist sample 


Temp. 
Temp. 


15 
15 


‘ 
‘ 


> 


Units used kWh 


Units per ton of ingots 


The British Nuclear Energy Conference 


Contents of the Journal 1961 


The Journal of the British Nuclear Energy Conference is published four times a year: in January, 


0 


viv 


Last tap 

Started charging 
Power on Ist bucket 
Power on 2nd bucket 
Power on 3rd bucket 


Slag 
Cc Ss P Mn Fe 
0-17 0-044 0:03 0-18 16-0 


15 ewt lime 
C, 950 lb ferro-manganese 
C 

Furnace tapped 

Finished fettling 

3h 10 min 


800 Ib silico-manganese 


loz aluminium/ingot, 


ingots 

22 at 3 tons 7 ewt 

Total weight 73 tons 14 cwt 
38 000 


515 


April, July, and October. It consists of papers and discussions on the applications of nuclear 
energy and ancillary subjects. 

The April issue included the Thomas Hawksley Lecture ‘Controlled fusion reactions’, by 
Professor P. M. 8. Blackett, papers on inspection of nuclear power plant and the N.S. Savannah, 
and other previously unpublished material. The July issue will contain the papers in the Dounreay 
fast reactor symposium 

The annual subscription is £1 10s. for members of the following societies: The Institution of 
Civil Engineers, The Institution of Mechanical Engineers, The Institution of Electrical Engineers, 
The Institute of Physics and the Physical Society, The Institution of Chemical Engineers, The 
Iron and Steel Institute, The Institute of Metals, The Institute of Fuel, and The Joint Panel on 
Nuclear Marine Propulsion. For all others the subscription is £3. 

Requests for detailed information should be made to: The Secretary, BNEC, 1-7 Great George 
Street, London SW1. 
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Historical note no. 7 (second series) 


H. R. Schubert 


PROVISIONS for the welfare of ironworkers were made quite 
early in English History. The best known example is a ‘Law 
Book’ drawn up by Ambrose Crowley (-}+1713) and his son 
John for the conduct of their works near Newcastle-upon- 
Tyne. According to it, a clergyman and a schoolmaster were 
employed, and a system of contributory insurance against 
sickness and old age was set up, based upon compulsory 
contributions.! 

The benefit of free medical treatment was not unusual in 
early works. In the accounts of 1566, e.g. relating to Sir Henry 
Sidney’s steelworks at Boxhurst, in Kent, payments made to a 
surgeon for ‘curinge’ the workers, and to his assistant for 
blood-letting are referred to.? It was in the firm’s own interest 
to keep the workers healthy and fit for work. 

In addition, pensions were paid to aged and disabled iron- 
workers. Details of such pensions are supplied for the first time 
by witness depositions of 1605 relating to the wireworks at 
Tinfern, in Monmouthshire, built in 1566-7. For an appro- 
priate estimation of the pensions it is essential to consider 
their proportion to the regular wages, which on the average 
were £10 a year around 1600. Old and disabled workers such 
as John Hinkins the Elder, a nealer (i.e. annealer) of wire, 
60 years old in 1605, and Richard Fischer, wiredrawer, 73 
years old, received 52 shillings each a year, which was a little 
more than a quarter of the average annual wages. A 76-years- 
old wiredrawer, Harman Sower, received 40 shillings which 
was about one-fifth of the annual wage and as much as the 
schoolmaster was paid. The highest amount, i.e. 2 shillings per 
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Pensions for disabled ironworkers around 1600 


week (£5 4s Od a year, or more than half of the average wages) 
was paid to the wiredrawer Walter King, who was only 27 
years old. The large allowance seems to indicate a sickness 
benefit for an only temporary disablement.* 

The pensions paid compare favourably with later practice 
in as much as they were free from any sort of compulsory 
contribution by the workers. Such a liberal attitude, however, 
did not last much longer. The first symptom of a change, lead- 
ing to contributions enforced upon the workers, came from the 
south of Ireland. In a project submitted to the Crown in 1610, 
an Irish ironmaster by the name of Tokefield proposed to arm 
the ironworkers in the province of Munster for their safety and 
to deduct the money for buying the arms from their wages.* 
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A 16-page booklet entitled ‘Notes for Authors’ has recently been published by the Institute. It is 


divided into two sections, covering ‘Publications’ and ‘Presentation at Meetings’ respectively. It is 


designed to provide prospective authors of papers for publication in the Journal or for presentation 


at one of the Institute’s Meetings with answers to all the questions they are likely to ask. 


Thus the first section deals with the way in which manuscripts should be prepared, the ‘house 


style’ for abbreviations, spelling, punctuation, etc., the best way of preparing illustrations for the 


printer, and similar problems. The most valuable part of the second section is perhaps that giving 


recommendations on the preparation of slides for projection at meetings. Guidance is also given on 


the best way of preparing the verbal presentation of a paper for delivery at a meeting. 


Copies of the booklet are available free to Members of the Institute, and may be obtained on 


application to the Assistant Secretary. Librarians and Information Officers of companies, research 


organizations, institutions, and teaching bodies, are also invited to apply for free copies. 
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The control of oxygen injection 


in foundry steelmaking 


K. Knaggs, B.Met., A./.M. 


INTRODUCTION 


WITH THE INTRODUCTION of oxygen refining, particu- 
larly for electric steelmaking, it was apparent to the 
British Steel Castings Research Association that the 
efficiency of oxygen usage appeared to vary between 
foundries. In order to obtain information on this 
subject it was agreed to send a questionnaire on 
oxygen injection practice to members with the aim of 
determining the most efficient and controlled use of 
oxygen to give a predetermined carbon content after 
the blow. The completed questionnaires confirmed the 
surmised variations in oxygen injection practice and 
usage. For example, for corresponding grades of steel 
and melt-out analyses, the specific oxygen input* 
varied from 25 to 200 ft*/min/ton while the specific 
oxygen consumptiont varied in the range 3-0- 
12-5 ft*/point (0-01°%,) of carbon/ton, without any 
apparent correlation between the SOI and SOC. 

This first survey lacked information in respect of 
slag analyses and temperature data and it was felt 
that methods of metering oxygen then in use were not 
sufficiently accurate. These methods were reviewed, 
and the survey was then repeated using accurate 
metering equipment. 

This survey confirmed the results obtained from the 
questionnaires, except that it was found that the 
specific oxygen input figures were always less than 150. 

The investigation was then continued on a smaller 
experimental scale to ascertain, quantitatively if 
possible, the reasons for the variations in efficiency of 
carbon removal. 

This paper outlines the progress of the work from 
these initial stages to the development of control 
graphs, derived from the experimental work, and 
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* Specific oxygen input (SO1) 


Volume of oxygen blown, ft* (NTP) 





“Time of blow, in min x weight of metal, in tons 
t Specific oxygen consumption (SOC) = 
Volume of oxygen blown, ft® (NTP) 
~~ No. of points (i.e. x 0-01%) 
of carbon removed 





x Weight of metal, in tons 
Note that for 100% efficiency of carbon removal the SOC value 


is 3-34 ft*/ptC/ton, thus a SOC of 6-68 means 50% efficiency of 
oxygen utilization for carbon removal. 
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SYNOPSIS 

The investigation comprises a study of the factors affect- 
ing the efficiency of utilization of oxygen in lancing for 
the removal of carbon in steelmaking in electric furnaces. 
This has led to the production of data, presented in the 
form of graphs and tables, which can be used for control 
purposes in production. Depending upon the metal bath 
temperature and its initial carbon content, the amount of 
oxygen that must be injected, after the appearance of the 
carbon flame, to bring about a predetermined reduction 
in the carbon content of the bath can be accurately pre- 
dicted. Results are given of works trials substantiating 
the accuracy of the predictions. 1927 





gives the results of the application of these controls 
under actual foundry conditions. 


PRELIMINARY STUDY OF AVAILABLE MATERIAL 
Results of foundry survey 

The metering arrangement (Fig.l) used in this survey 
was arranged so that it could be incorporated into the 
oxygen supply line to any furnace without interfering 
with any existing controlling or metering equipment. 
No attempt was made to alter the prevailing practice 
in any particular melting shop so that the survey was 
based, as far as possible, on the regular practice at 
each foundry. 

Where possible, data were obtained on the following 
items in respect of each heat surveyed (a) weight of 
metal bath, (b) temperature of metal before injection, 
(c) analysis of slag before and after injection, (d) 
analysis of metal before and after injection, (e) total 
volume of oxygen injected (ft® NTP), (f) rate of oxygen 
injection, (g) duration of injection period. 

This procedure was repeated for a number of heats 
made in each furnace. All the furnaces concerned were 
basic lined. A selection of the data obtained from these 
observations appears in Table I. This table shows that 
many of the ‘after blow’ silicon analyses cannot be 
representative of the steel in the furnace, unless a sili- 
con addition has been made to the furnace after the 
oxygen blow. A more likely cause for these silicon 
contents is the practice, adopted by some furnace 
operators, of using ferrosilicon dust, instead of alu- 
minium, to deoxidize the ‘after blow’ bath sample. 
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1 Schematic representation of the oxygen metering equipment 


Some of the ‘after blow’ manganese analyses must 
also be considered unrepresentative of the metal im- 
mediately after the oxygen blow and the reason for 
these anomalies can only be that some operators have 
made a ferromanganese addition to the furnace 
immediately after the oxygen blow and before taking 
the bath sample. 


Conclusions drawn from survey 


The conclusions drawn from this survey and from the 
work of Harris and Brandt! are as follows: 

(i) Consideration of the SOC figure alone in order to 
assess the efficiency of oxygen usage is of little or no 
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value, except to indicate some dependence of the 
SOC figure on the carbon content before the blow (the 
initial carbon content) as indicated previously by 
Harris and Brandt.* 

(ii) By studying the results obtained it was possible 
to come to some rather obvious and generally accepted 
conclusions regarding the qualitative effect of the 
variables on the efficiency of carbon removal: namely 
that a low finishing carbon (below 0-1°%C) reduces the 
overall efficiency of carbon removal and that a high 
concentration of metalloids, mainly silicon and man- 
ganese reduces the efficiency of carbon removal as 
depicted by normal SOC figures while a high metal 
temperature before injection leads to greater efficiency. 

(iii) In order to obtain control of the injection pro- 
cess for carbon removal, the effect of these variables 
on the SOC value must either be quantitatively 
explained or eliminated. 

(iv) An attempt to explain some of the variations 
in oxygen usage by studying possible slag/metal reac- 
tions proved to be negative and it was concluded that, 
since the slag bulk is low for normal oxygen injection 
practice in foundry are furnaces, the oxidizing power 
of the slag has little effect on metalloid removal during 
the period of oxygen injection, as compared with the 
oxidizing power of the gaseous oxygen being blown. It 
is accepted that, if sufficiently large ore or millscale 
additions are deliberately made to the slag to increase 
its oxidizing power, then some effect on efficiency 
would be found. 


TABLE | Selection of data from a survey of 50 heats in basic lined arc furnaces installed in member foundries 





Specific oxygen 





Volume of Volume of Specific consumption for 
Metal analyses Weight of oxygen oxygen/ton Time oxygen input carbon 
Heat (a) before and (b) after oxygen blow Temp., metal bath, blown, ft® of steel, of blow, (SOT), ft? removal, 
no. Cc Si Mn Ss P Cr Cc Ib NTP ft /ton “ min/ton ft*/0-01%C/ton 
l(a) 0-25 0-047 0-33 0-044 0-038 0-09 1500 . : cpa 100-5 
(b) 0-165 0-047 0-16 0-046 0-027 0-06 1535 11500 1230 239-7 142 101-2 28:2 
2(a) 0-235 0-047 0-295 0-042 0-025 0-05 1530 _ 2 : ‘4 ; 
(b) 0-08 0-058 0-135 0-047 0-015 0-03 1610 11500 1100 214-2 180 71-4 13-8 
3 (a) 0-305 0-031 0-325 0-052 0-049 0-09 1510 ? mae , . 
(b) 0-12 0-035 0-20 0-054 0-026 0-06 1530 11500 1340 261-0 204 76-6 14-8 
6(a) 0-385 0-13 1-39 0-027 0-032 0-15 1610 mee em L . 
(b) 0-215 0-02 0-84 0-028 0-13 4800 270 126-0 150 50-4 74 
8(a) 0-24 OO7 O52 0-037 0-033 0-05 1600 , 
(b) 0-16 0-02 0-47 0-043 0-030 0-06 $000 125 5-0 4-4 
Q9(a) 0-07 0-26 0-04 0-085 0-009 trace 1590 sins _ a ; ca 
(6) 0-05 0-09 0-04 0-078 0-016 trace 1595 440) ) 137°5 il 73-7 68-8 
12(a) 0-14 624 6-02 06-050 0-019 0-095 1530 - js 
(6) 0-06 0-23 0-15 0-046 0-008 0-27 1580 3000 135 60-4 40 90-8 76 
14(a) 0-27 O112 O80 06-035 0-039 0-13 ° “ ws Sel 
(b) 0-27 0-05 0-68 0-035 0-032 0-12 8000 139 39-0 66 5-6 
7 (a) 0-36 0-01 0-39 06-043 0-022 0-07 1520 : .* 
(b) 0-3) 0-31 0-042 0-013 0-06 1560 5000 200 6-0 40) 84-0 11-2 
18(a) 0-27 0-02 0-34 0-038 0-016 0-02 1525 = > he : : > 
(b) O18 0-02 0-25 0-039 0-010 0-03 9500 350 82-5 60 82-5 9-2 
19(a) 0-28 O-O1 0-29 0-038 0-021 0-02 1505 P ¥5 " [ 
(b) 0-17 0-22 0-041 0-021 0-03 1545 11500 375 73-0 85 51-5 6-6 
20 (a) 0-33 0-04 0-51 0-028 0-020 0-07 1530 = = A “ E se 
(b) 0-16 0-02 0-41 0-031 0-014 0-06 1560 11500 775 151-0 150 60-3 8-9 
23(a) 0-215 0-056 0-30 0-043 0-022 0-05 1595 ‘ — hi : Be “6 
(b) 0-135 0-056 0-30 0-047 0-021 0-03 1615 8064 218 60°6 60 60-6 7-6 
24(a) 0-33 0-028 0-33 0-027 0-011 0-32 1590 ; ba i ss 
(b) 0-18 0-053 0-345 0-027 0-009 0-21 1620 8064 220 61-0 90 40-7 4-1 
25 (a) 0-21 0-047 0-335 0-041 0-017 0-02 1600 . ae : - 
(b) 0-17 6-042 0-37 0-043 0-017 1620 8064 109 30-2 40 45-4 1-6 
46 (a) 0-315 0-196 0-79 0-028 0-040 0-18 1600 os - rd : 
(b) 0-20 0-071 0-43 0-031 0-034 0-15 $000 364 102-0 71-5 = 858 8-9 
47 (a) 0-325 0-114 0-50 0-034 0-056 0-14 1590 ‘ . , 
(b) 0-260 0-153 0-49 0-031 0-055 0-15 8000 104 oI 28 62-2 4-5 
48 (a) 0-39 0-267 0-60 0-030 0-039 0-15 1580 * - rm on 
(b) 0-185 0-047 0-39 0-029 0-035 0-12 6700 422 141-0 107 79-0 6-9 
49 (a) 0-34 0-062 0-59 0-033 0-035 0-15 1580 . . ee 
(b) 0-245 0-086 0-33 0-036 0-035 0-15 .. 8000 182-6 51-1 44 69-5 5-4 
50 (a) 0-605 0-039 0-79 0-036 0-040 0-11 1600 a 
” 4 " 0 ( 32 7 2 
(b) 0-155 0-087 0:58 0-037 0-032 0-07 6700 71 191-0 13 86-7 4-2 
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2 Relationship between specific oxygen consumption and initial 
carbon content 


(v) A contributory cause of varying SOC values for 
similar heats of steel must be the practice of some 
operators to make a ferro-manganese addition to the 
furnace before taking the ‘after blow’ bath sample. 
Normal ferro-manganese contains about 7°C and 
absorption of part of this carbon by the oxidized bath 
will produce a carbon content in the steel unrepre- 
sentative of the ‘after blow’ condition. This, in turn, 
will reflect itself in the calculated SOC value. 


RESEARCH DEVELOPMENTS AND CONSTRAINTS 
Experimental method 


When the above stage in the investigation was 
reached, steelmaking research facilities became avail- 
able and the research programme was planned in an 
attempt to develop control of the variables known to 
affect the efficiency of carbon removal. The experi- 
mental procedure is described below. 

(i) A resistor rod furnace of about 5 cwt capacity 
was used. Details of this type of furnace have been 
published elsewhere.” 

(ii) The injection periods were of fairly short duration, 
so that the initial and final carbon contents were not 
far different. This allowed SOC figures to be calculated 
that were fairly representative of the initial carbon 
concentration, and not unduly influenced by low final 
carbon contents. 

(iii) The heats were adjusted in chemical composi- 
tion to cover a much wider range of analysis than the 
foundry survey covered, but were still maintained 
within limits that were not grossly unrepresentative of 
foundry steelmaking practice for plain carbon steels. 

(iv) Metal temperatures were taken by the standard 
immersion pyrometry technique. 
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3 Relationship between SOI and nett SOC for temperatures in 
excess of 1580°C and carbon contents greater than 0-25% 
(initial) and 0-10% ( final) 


(v) The quantity of oxygen used and the flow rate 
were measured. 

(vi) The duration of the blow and also the time from 
the commencement of the blow to the appearance of 
the carbon flame were measured with a stop watch. 

(vii) Samples of metal were taken immediately 
before and after injection and killed with aluminium 
wire in the sampling spoon. 

It can be seen from Fig.2 (in which are plotted all 
the results obtained from member foundries, previous 
work,! and the above-mentioned programme) that an 
increase in the range of the variables known to affect 
the efficiency of carbon removal has resulted in a high 
degree of scatter, i.e. great variation in the carbon 
removal efficiency as depicted by the normal SOC 
figure. The next step was to control or eliminate the 
effect of these variables. 


Effect of high specific oxygen input rates on the 
efficiency of carbon removal 
Exceptionally high SOI rates, some as high as 
450 ft?/min/ton, were occasionally deliberately used 
in the resistor rod furnace. It was found that, at SOI 
rates greater than 150, there was marked variation in 
the efficiency of carbon removal for otherwise similar 
heats. The likely cause of inefficiency at these excessive 
specific oxygen input rates is that, when the oxygen 
lance is approximately at the slag/metal interface, the 
input rate of oxygen is faster than the reaction rate 
because of the lack of sufficient time of contact 
between oxygen and the metal. The likely reason for 
the increased variability in SOC values obtained at 
these high input rates may be that under such condi- 
tions the positioning of the oxygen lance becomes 
more critical. This conclusion is not unexpected; in 
fact, it is the practice in member foundries to inject at 
rates much lower than 150 ft*/min/ton. 

The object of presenting this conclusion is to permit 
the omission of further consideration of heats blown at 
rates in excess of this amount. 


Effect of dissolved elements other than carbon on the 
efficiency of carbon removal 

The efficient use of oxygen for carbon removal is 
dependent on the relative affinities for oxygen of the 
dissolved elements present.? When an element having 
a greater affinity for oxygen than carbon is present, it 
will be oxidized preferentially and the carbon removal 
will not occur until, either by the influence of activity 
and/or temperature, the balance is swung in favour of 
carbon removal. The time from the commencement of 
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NETT SPECIFIC OXYGEN CONSUMPTION, ff/pt C/ton 
4 Isotherms relating initial carbon content and nett specific 
oxygen consumption at 1500°C and 1600°C 


injection to the initiation of the carbon flame serves 
as a rough indication of the metalloid content. The 
time from the commencement of oxygen injection to 
the initiation of the carbon flame was measured in all 
the heats carried out in the experimental furnace. 
From this time, and knowing the overall time of 
injection, the volume of oxygen used during the period 
of the carbon flame was calculated. This volume was 
used to calculate the ‘nett specific oxygen consump- 
tion’, which is defined as follows: 
Nett SOC= 
Volume of oxygen blown from appearance of carbon 
flame to end of blow, ft? NTP 
No. of points of 
carbon removed 





weight of metal, in tons 


This assumes that no carbon is removed prior to the 
appearance of the carbon flame. This assumption was 
tested on many occasions by stopping the blow prior 
to the appearance of the carbon flame and taking a 
bath sample for carbon analysis from which it was 
found that the carbon content was the same as at the 
start of the blow. 

This method of calculating the nett SOC was 
applied to all heats where the initial carbon content 
was greater than 0:15, i.e. heats in which the carbon 
flame was quite definite. In cases with an initial carbon 
content below about 0-15°,, (where the appearance of 
the carbon flame was not easily defined), it was 
assumed that carbon was removed throughout the 
period of injection and for such heats the SOC and 
nett SOC values are identical. It is considered that 
this assumption is valid since: 
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(i) in plain carbon steelmaking practice, when the 
initial carbon content is low, the concentration 
of other elements is also low 

(ii) when the initial carbon content is low, then this 
low carbon content is the overriding factor 
affecting the efficiency of carbon removal and 
the interfering effect of other elements is com- 
paratively small. 

The use of nett SOC values as the criterion for 
studying the efficiency of carbon oxidation obviates 
the necessity of having prior knowledge of the metal- 
loid content of the steel and thus removes the effect of 
one of the variables. 

Using nett SOC values, it is possible to indicate 
graphically the effect of high specific oxygen input 
rates on the efficiency of carbon removal, and Fig.3 
shows nett SOC values plotted against SOI values for 
heats which fulfilled the following conditions: 

(i) the temperature prior to injection was between 
1580 and 1620°C 

(ii) the initial carbon content prior to injection was 
greater than 0-25°%, and the final carbon was 
greater than 0-15°%,. 


The effect of metal temperature before injection 


The nett SOC values v. initial carbon content are 
plotted in the form of isotherms corresponding to 
1500°C and 1600°C in Fig.5. This graph relates to 
heats made in the resistor rod furnace, heats from 
member foundries where the relevant data are known, 
and data from other workers.! As shown in this graph, 
the effect of temperature appears to be relatively 
small at low carbon contents; presumably because at 
low carbon levels the outstanding effect of the carbon 
content masks the effect of other variables. It is only 
with initial carbon contents greater than 0-08°%, that 
the isotherms of 1500° and 1600°C are separate. The 
difference between these isotherms does not appear to 
be unduly marked, but when they are used to construct 
control charts, these differences assume appreciable 
proportions. 


DERIVATION AND USE OF CONTROL CHARTS 
Derivation of control charts 

Early in the investigation it had been considered that 
by successive integration of the area under a curve 
such as that shown in Fig.4 relationships could be 
obtained between the amount of carbon removed and 
the volume of oxygen blown. Previous to this experi- 
mental work, however, such integration was not 
feasible since SOC values obtainable from works data 
were mean values dependent on both the initial and 
final carbon contents and not representative, there- 
fore, of the initial carbon content, being unduly 
influenced by low finishing carbon contents. Further- 
more, no account had been taken of the other disturb- 
ing effects such as the presence of other dissolved 
elements. 

The results used in plotting Fig.4 have been stripped 
as far as possible of the above objections. It was 
considered justifiable, therefore, to integrate the area 
under the curves shown in Fig.4 and to construct 
charts which make it possible to control the carbon 
content of the ‘after blow’ steel. As a result of this 
integration, control charts have been constructed for 
injection temperatures of 1500°, 1550°, and 1600°C, 
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TABLE 11 } Results obtained when using the contro! charts in works trials carried out in six foundries 








Time from Volume of 
Total commence- oxygen used 
vol. of ment of throughout Actual Calculated 
Analyses, % oxygen Total injection to the duration final final 
before oxygen injection used injec- appearance of the carbon carbon 
Foun- Heat Charge after oxygen injection ft’, tion of carbon earbon boil, content, content, 
dry no, wt tons } Si Mn 8 P NTP time,s flame, s ft?, NTP % % 
4 1 2-25 a 0-2 0-03 0-29 0-028 0-011 ... oe “ 
6 0-08 0-01 0-22 0-023 0-011 43? 177 329 0-08 0-10 
2 2-5 a 0-35 0-06 0-32 0-023 0-014 x 
6 0-23 0-01 0-26 0-021 0-013 1% 100 40 118 0-23 0-24 
3 «2-25 a 0-25 0-02 0-37 0-034 0-022 
60-10 0-01 0-37 0-024 0-013 195 60 0 105 9-10 0-15 
4 2:25 a0-32 0-02 0-51 0-029 0-020 , : ; 
b 0-10 0-01 0-39 0-035 0-023 755 121 0 255 0-10 0-12 
5 2-25 a 0-32 0-07 0-38 0-027 0-016 : : 
6 0-22 0-01 0-27 0-022 0-011 287 137 80 111 0-22 0-23 
6 2-0 a 0-32 0-03 0-36 0-025 0-016 } F: 
b 0-17 0-01 0-26 0-027 0-013 !8? 112 12 144 0-17 0-19 
B l OP SE OO 600 120 28 460 0-23 0-20 
“AE 0-2 -03 0-33 m 
3 oe ee ee 110 60 ; 95 0-22 0-23 
5 0: 0-05 0-45 
ore Se ee 270 «116 4 260 0-23 0-23 
. ( «4 -f 5 . 
é 3°6 b rit ie 4 160 14 0 160 0-21 0-22 
, 0:50 0-05 0-48 
2 on 370 «122s«100 340 0-30 0-31 
’ 279 
¢C i 1 $4 306 0-16 0-19 
. 0-28 
2 ws 0-23 204 0-23 0-22 
“2! )-32 
. oss nae 127 0-27 0-27 
5 0-2 
. ; eo 280 0-19 0-17 
0 0-3 
. ° aoe 372 0-23 0-23 
3-6 0-27 
° 0-18 234 0-15 0-17 
7 5- 0-3 
. a a4 254 0-24 0-21 
3-6 0-45 
° b oo 630 0-15 0-15 
. 0-5 
. “ b oc 1000 0-17 0-18 
0 3-3 0-78 
, . 4s 560 0-44 0-42 
D ] 3-0 a 0:14 <0-01 0-08 0-044 0-026 " 
b 0-08 <0-01 0-03 0-045 0-028 295 46 14 205 0-08 0-10 
2 675 aO12 <0-01 0-22 0-043 0-027 : ‘ 
b 0-08 <0-01 0-16 0-046 0-026 354 52 10 286 0-08 0-09 
s 2-9 a 0-11 <0-01 0-08 0-047 0-014 ,,. , ‘ 
b 0-06 <0-01 0-06 0-050 0-014 192 29 6 153 0-06 0-07 
4 7°15 a0-09 <0-01 0-06 0-040 0-025 és 
b 0-06 <0-01 0-03 0-040 0-035 58° 70 24 380 0-06 0-06 
Eg i 7-0 a 1-59 0-29 0-63 i 
b 1-08 0-03 0-33 1575 1-08 1-09 
2 9-0 a 1-44 0-51 0-73 
b 1-26 0-14 0-56 1240 1-26 1-14 
3 9-0 a125 0:14 0-56 : 
b 1:06 0-02 0-47 800 1-06 1-05 
4 6-0 a 1-33 0-31 0-68 - 
60-75 0-04 0-40 2200 0-75 0-70 
5 17-0 a 1-35 aa 
b 1-00 3500 1.00 1-00 
6 9-0 ¢ 10 ’ 
; } om oo. 2250 0-92 0-90 
7 19-0 a 0-92 0-28 
oan 1600 0-78 0-75 
8 15°5 0-28 0-42 an 
0-21 0-26 550 0-21 0-20 
) 13-0 0-34 0-30 ‘ 
0-23 0-21 1000 0-23 0-20 
F 1 15 0-60 0-06 0-45 0-046 0-017 2 ‘ 
0-06 0-02 0-23 0-058 0-011 410 118 0 410 0-06 9-10 
2 1-55 0-44 0-02 0-39 0-045 0-016 
0-06 0-02 0-28 0-047 0-016 42! 161 0 421 0-06 0-07 
3 1-4 0-57 0-12 0-32 0-029 0-022 
0-04 0-02 0-17 0-049 0-013 514 169 24 440 0-04 0-10 
4 1-35 0-30 <0-01 0-32 0-038 0-014 i P 
0-04 <0-01 0-19 0-039 0-010 280 170 0 280 0-04 0-08 
5 1-4 0:36 0-02 0-20 0-046 0-013 ,. . iia 
6 1-5 0-29 <0-01 0-28 0-040 0-0 
0-04 <0-01 0-16 phen sae 248 80 9 220 0-04 0-10 
7 1-45 0-59 <0-01 0-46 0-034 0-019 
0-06 <0-01 0-20 0-054 0-014 475 144 19 411 0-06 O-11 
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5 Carbon control chart for 1550°C injection temperature 


respectively. The control chart for 1550°C is illustrated 
in Fig.5 and in tabular form as Table IV. The volume 
of oxygen indicated in these charts is that required 
after the initiation of the carbon flame. Thus, no prior 
knowledge of the metalloid content of the bath is 
needed. 

The use of these charts in practical foundry work 
(in order to secure the most economical use of oxygen 
to remove a predetermined amount of carbon) then 
became the subject of investigations carried out in 
collaboration with several members of the association’s 
Steelmaking Advisory Committee. 


Results of works trials using control charts 
Results obtained from six foundries appear in Table IT. 
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trials using the control charts 
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They show that the tests have covered charge weights 
from 1} to 19 tons; initial carbon contents of 0-09 to 
1-35°%, and temperatures, before injection, ranging 
from 1490-1 660°C, 

Generally speaking, there is good agreement be- 
tween the final carbon figures obtained and those pre- 
dicted by the control charts. Some anomalies occur, 
however, which are due to slight ‘steelmaking’ errors; 
the major one being in the case of Foundry F. The 
results from this foundry show a difference between 
the actual and calculated figures that is very serious 
since it occurs in heats that were blown down to low 
carbon levels. To remove carbon at such low levels 
requires large quantities of oxygen and to accept such 
low carbon figures would indicate errors in the control 
charts of about 100° at these low levels. The major 
cause of this discrepancy was found to be that the 
metal samples were not deoxidized in the sampling 
spoon. The consequent ‘rimming’ action that took 
place during solidification produced a very porous 
sample. Experience has indicated that such a pro- 
cedure would be responsible for an error in carbon 
estimation of 0-02—-0-04°, partly due to a loss of car- 
bon monoxide during solidification and partly caused 
by analytical errors, owing to the bad drillings obtain- 
ed from the extremely porous sample. 

It should, however, be stressed that the charts are 
subject to some slight error when used for steels 
which have a fairly high initial carbon level and are 
blown down to carbon levels below 0-1°,. This error is 
inherent in the charts since they could only be derived 
from blows where the initial and final carbon contents 
were not much different from one another. This means 
that in devising the charts the heats that had a low 
finishing carbon content also had a low initial carbon 
content. It is well known that the fina] low carbon 
values can be obtained more efficiently by commencing 
with a fairly high carbon content, because the bath can 
thus be made to boil vigorously before the low carbon 
levels are reached. 
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20 Knaggs Control of oxygen injection 


TABLE 11! Second series of works trials from foundry F 








Heat no. | 2 3 4 5 
Weight of metal, ewt 30 30 30 30 26 
Temperature before injection, °C 1600 approx 1640 1600 1550 1620 
Time of injection, s 90 120 118 99 112 
Time to carbon flame, s 5 6 18 10 8 
Total volume of oxygen blown, ft* NTP 280 430 394 360 340 
Analysed C content before blow, % 0-28 0-40 0-40 0-36 0-25 
Analysed C content after blow, %, 0-05-0-06 0-04-0-05 0-07 0-06- 0-07 0-05 
Calculated final carbon content, %, 0-08--0-09 0-07 0-09 0-09 0-07 





In Fig.6, the calculated carbon removal is plotted 
against the actual carbon removal for the works trials 
given in Table Il. The anomalous results including 
those of foundry F mentioned above are indicated by 
crosses; all other results by circles. 

A further set of trials was carried out at Foundry F 
using aluminium wire to deoxidize the samples in the 
sampling spoon. The results of this series of tests are 
given in Table III and indicated in Fig.6 by open 
circles. It can be seen that by the use of aluminium the 
measure of agreement between the predicted and 
actual carbon content is somewhat better than the 
results for Foundry F quoted in Table I and is in fact 
as good as can be expected owing to the inherent error 
in the control charts which has been mentioned above. 


Metering equipment 
For useful application of the control charts it is neces- 
sary to measure the oxygen consumption accurately, 
preferably with a meter possessing integration facili- 
ties. In this context it is considered that the simpler 
types of meter based on a mercury manometer are not 
suitable. Instruments are available, however, that 
give satisfactory accuracy when they are correctly 
maintained and when they are operated under the 
correct conditions. Most of these instruments depend 
for their operation on the differential pressure that is 
developed when the gas stream to be metered is passed 
through an orifice plate and therefore the temperature 
and pressure of the gas at the orifice have to be con- 
sidered. Most flow meters are calibrated for fixed levels 
of temperature and pressure and variation from these 
values can lead to errors. 

In steel foundries the temperature at the orifice does 
not vary greatly and the main source of error is likely 


to be due to variations in the oxygen line pressure. 
Such troubles can be minimized either by installing a 
regulator in the line to control the pressure at the 
orifice or by using an instrument that automatically 
compensates for variations from the standard con- 
ditions. 

One further point is the possibility of vast reduc- 
tions in the line pressure at the orifice, either at the 
commencement or during the oxygen blow, as a result 
of the oxygen being fed through a relatively narrow 
pipe from a distant reservoir. One way to overcome 
this is to install a reservoir (for example, 2000 ft* 
cylinders), much nearer to the point of usage so that 
such transmission lags are minimized. 


CONCLUSIONS 

The factors affecting the efficiency of carbon removal 
by oxygen injection have been considered and ac- 
counted for in qualitative fashion. From this a quanti- 
tative measure of the efficiency of oxygen utilization 
for carbon removal has been established by measure- 
ment of the oxygen used after the initiation of the 
carbon flame. Control charts for operation at 1500°, 
1550°, and 1600°C have been devised, based on the 
data obtained, which show the volume of oxygen 
required to remove a desired quantity of carbon from 
any particular initial carbon level. These charts, one of 
which is reproduced in Table IV, are applicable to the 
manufacture of plain carbon steel in foundry are 
furnaces, provided that the following conditions are 
fulfilled: 

(i) the chart chosen should be that one relevant to 
the metal temperature prior to the blow, e.g. 
for a metal temperature within the range 
1530-1570°C, the 1550°C chart should be used 


TABLE IV Control chart for oxygen injection where the bath temperature immediately before injection is 1550 C 











Initial carbon, Final 
onomamenrnnen eeirmnds, 
20 0-25 0-30 0-35 040 045 O50 055 060 0-65 0-70 0-75 0-80 0-85 0-90 0-95 1-00 
260 292 86321 348 375 402 420 455 481 507 533 558 583 608 632 656 680 0-07 
136 168 197 224 251 278 305 331 357 383 409 434 459 484 508 532 556 0-10 
83 115 144 171 198 225 252 278 304 330 356 381 406 431 455 479 503 0-125 
48 8&0 109 136 163 190 217 243 269 295 321 346 371 396 420 444 468 O15 
20 52 SI 108 135 162 18 215 241 267 293 318 343 368 392 416 O-L75 
32 61 88 115 142 169 195 221 247 273 298 323 348 372 396 0-20 
29 56 83 110 137 163 189 215 241 266 291 316 340 364 0-25 
27 54 81 108 134 160 186 212 237 262 287 $11 335 0-30 
27 54 81 107 133 159 185 210 235 260 284 308 0-35 
27 54 80 106 132 158 183 208 233 257 281 0-40 
27 53 79 105 131 156 181 206 230 254 0-45 
26 §2 78 104 129 154 179 203 227 5 0-50 
26 52 78 103 128 153 177 201 22! 0-55 
26 5 77 102 27 151 175 1o¢ 0-60 
26 7 76 101 125 149 173 0-65 
25 50 75 99 123 147 0-70 
A 50 74 98 122 0-75 
25 49 rh 97 0-80 
24 48 72 O-85 
24 48 0-90 
24 0-95 
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(ii) the specific oxygen input rate must be less than 
150 (this condition already obtains in member 
foundries) 


(iii) the calculated volume of oxygen required must 
be measured after the initiation of the carbon 
flame. 


The works trials carried out to test the applicability 
of these control charts under normal operating con- 
ditions indicate that their predictions are borne out by 
the practical analyses obtained and that, where there 
is serious discrepancy between prediction and prac- 
tice, the cause of disagreement can usually be traced 
to some error in practice, e.g. omitting to ‘kill’ bath 
samples; use of highly oxidizing slags; or inaccurate 
metering equipment. 

A study of Fig.6 shows that more points lie below 
than above the 45° line. This indicates that on the 
whole and for the reason mentioned in the text, 
slightly more carbon of the order of 0-02°, is removed 
during the oxygen blow than the calculations indicate. 
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The tensile properties of high-purity 
low-carbon iron and iron—manganese alloys 


W. C. Leslie, G. B. Williams, and D. S. Hutton 


INTRODUCTION 


THE MECHANICAL PROPERTIES of high-purity iron and 
low-carbon iron and iron—manganese alloys have been 
the subjects of several investigations in recent 
years.!-*® Results of some of these investigations 
became available only after the present work was 
started. These previous studies had as their objective 
an improved understanding of the mechanical proper- 
ties of commercial carbon steels, with particular 
emphasis on the ductile—brittle transition. As a result 
of this work, the present state of knowledge, properly 
qualified because of the variety of compositions and 
heat treatments used by various investigators, can be 
summarized as follows: 

(i) Fe,C precipitated from ferrite at elevated 
temperatures (400-700°C) raises the transition 
temperature after quenching from 700°C 

(ii) ageing at room temperature after a solution 
quench also raises the transition temperature 
of a 0-02%C iron or steel, but overageing can 
lower the transition 

(iii) precipitated carbides make the transition from 
ductile to brittle fracture less abrupt 

(iv) a finely dispersed carbide precipitate can pro- 
mote ductility at low temperatures 

(v) the exponent of strain hardening decreases 
with increasing carbon content and with 
decreasing temperature. 





Manuscript received 2 January 1961. 

The authors are at the Edgar C. Bain Laboratory for Funda- 
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SYNOPSIS 

Three high-purity iron—carbon alloys containing, respec- 
tively, 0-0025, 0-012, and 0-052°%%C, and a similar series 
containing 0-45°,Mn, were prepared by vacuum-melting 
and casting. After establishment of a constant ferrite 
grain size, the alloys were heat-treated to vary the carbide 
particle size and distribution without altering the grain 
size. The resulting microstructures were studied by light 
and electron microscopy. Tensile properties were deter- 
mined at room temperature and at —196°C. The results 
indicate that carbides, in the proper distribution, can 
improve the low-temperature ductility of ferrite. Defor- 
mation of ferrite is highly non-uniform and after deforma- 
tion the matrix contains undeformed mosaic blocks. Fine 
carbides present before deformation are either shattered by 
slip in the matrix or remain largely unaffected. 1920 





This investigation was begun in order to check some 
of the previous findings, with close control over car- 
bide particle size and distribution and ferrite grain 
size, and in an attempt to determine how precipitated 
carbides interact with slip in ferrite. 


MATERIALS 


The investigation was based on six alloys, with the 
nominal compositions A high-purity iron, B high- 
purity iron+0-015%C, C high-purity iron+0-05%C, 
D high-purity iron+0-5%Mn, £ high-purity iron+ 
0-015%C+-0-5%,Mn, F high-purity iron+-0-05%C-- 
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TABLE | Compositions of Fe-C and Fe-C—Mn alloys TABLE 11 Heat treatments used to obtain desired grain size 
Alloy Cc Mn oO, N, Alioy Heat treatment 

A 0-0025 <0-005 0-001 0-001 A 925°C in argon—15 min and air cool 

B 0-013 <0-005 0-001 0-001 B 

Cc 0-052 < 0-005 0-003 0-0005 Cc 1096°C in argon—15 min and air cool 

D 0-0026 0-45 0-0021 0-0014 D 1040°C in argon—15 min and air cool 

E 0-017 0-45 0-0021 0-0014 E 

F 0-066 0-45 0-0015 0-0009 F 1 205°C in argon—15 min and air cool 








These were prepared by vacuum-melting high- 
quality electrolytic iron in MgO crucibles. The desired 
carbon and manganese levels were attained by addi- 
tions of electrode carbon and 99-9% electrolytic man- 
ganese. Thirty-pound ingots were cast into round 
44 in to 4} in big-end-up moulds. Top and bottom 
crops were taken for chemical analysis and the ingots 
were machined to remove surface defects. The con- 
ditioned ingots were wrapped with low-carbon sheet to 
minimize scaling, heated for 45 min at 1095°C, pressed 
to a thickness of 3 in, rolled to 0-5 in in four passes, 
then air-cooled. The 0-5 in plates were then reheated 
to 1150°C and rolled to 0-30—0-35 in. 

The compositions of the alloys are given in Table I. 

To isolate the effects of carbide precipitation on the 
mechanical properties of ferrite, it is essential that the 


desired constant grain size of ASTM 3-4. The details 
of these treatments are given in Table II. Because of 
difficulties encountered in controlling the grain size of 
high-purity iron and iron—manganese it was necessary 
to produce alloys A and D by decarburizing tensile 
specimens of alloys B and £ in wet hydrogen at 595°C 
for 240 h. This treatment caused no change in the 
previously established ferrite grain size. 


EXPERIMENTAL PROCEDURES 

Tensile specimens, 4 in dia. with 1 in gauge length, 
were machined from the blanks. These specimens, 
with small pieces for hardness measurement and 
microstructural examination, were treated as below: 
720°C, 1 h in argon 























: ¥ ; : , Furnace Oil Brine Brine’ Brine Brine Brine 
grain size remain constant. Blanks approximately 3 in cool quench quench quench quench quench quench 
long by 0-30-0-35 in square were cut from the hot- oged ae ao po 
rolled plates and heat-treated in argon to obtain the 48h 2%h 24h 24h 
TABLE Ii! Tensile test data 

Yield. 
point 

Lower yield elonga- Tensile strength, Elongation, Reduction of Strength coeffi- Strain harden- Hard- 

strength, Ib/in? tion, % Ib/in® % in/in area, % cient, K ing exponent, n ness 
Alloy Treatment 20°C 196°C 20°C 20°C —196°C 20°C —196°C 20°C —196°C 20°C —196°C 20°C —196°C DPN 

20°C 

A Furnace 13400 87600 0-3 33150 100200 50-0 8-5 95-0 8-7 66000 169000 0-304 0-188 58-7 
B cooled 20350 91900 2-6 36000 93100 49-0 1-5 88-9 6-4 70000 0-287 67-6 
( 20350 98300 0-5 37800 98300 43-0 0-5 86-0 2-0 68000 0-244 68-1 
D 13300 80800 0-2 34900 80800 49-0 0-0 95-4 1-5 74000 0-317 61-0 
E 17700 §=- 83 000-15 37350 91000 35-0 1-0 89-8 3-2 82500 0-338 69-6 
F 19900 98600 0-5 40400 101800 36:5 4:5 867 6-2 77500 0-273 77-0 
A Oil quenched 12950 50500 0-2 33900 50500 56-0 1-0 95-5 46 73000 0-338 
B 24000 94000 1-8 47500 103500 30-0 fF 90-9 10-9 106500 156000 0-359 0-141 
Cc 31450 117600 0-0 52950 124700 24:0 4-0 83-8 3-2 103000 0-267 
D 15050 64900 0-0 34800 64900 49-5 05 95:3 4-0 66 000 0-278 
KE 25000 118200 0-2 46500 118200 31-5 1-0 93-6 5-0 95000 0-298 
F 32100 §=172500 1-3 53800 172500 29-3 10-0 83-5 60-2 97000 0-244 
A Brine 15700 97500 0-0 33450 97500 59-0 fF 94-5 0-0 63 500 0-280 
B quenched 24200 108000 0-0 48600 110000 34:5 3-5 85-1 0-0 92000 0-275 
Cc 31500 93400 0-0 56800 93400 28-0 0-5 76-6 3-4 105 500 0-250 
D 16750 82700 0-0 34850 82700 41-5 0-0 94-8 0-6 65000 0-257 
E 26900 87600 0-0 49500 105200 ft 8-0 90-6 5-8 87500 154000 0-242 0-128 
F 34150 88900 0-0 75000 88900 14-0 0-5 69-7 4:1 135500 0-193 
A Aged 40°C, 13900 89100 0-0 33850 91400 52:0 3-0 95-3 4-7 74000 0-335 57-6 
B 48h 28350 96500 2-0 48850 107900 25:5 ft 91-2 9-5 102000 165000 0-303 0-147 117-5 
Cc 40650 114700 0-0 63100 114700 15-0 0-5 76-9 1-4 156 500 0-270 149-0 
b 13600 78300 0-0 34800 78300 43-5 0-0 92-4 3-6 70500 0-299 61-7 
k 36 100 104500 0-2 57700 108500 16-0 1-0 87-7 4:5 98000 0-183 176-5 
F 51650 124400 0-0 76500 124400 14:5 0-5 79-2 2-2 125500 0-162 185-0 
A Aged 205°C, 14450 90900 0-0 33850 96500 53-0 5-0 92-7 7-6 73500 0-332 60-0 
B 24h 23000 101000 1-3 37550 108400 45:5 11-0 92-4 15-4 71000 157000 0-245 0-123 71-6 
Cc 26350 109400 0-5 42050 109400 34-5 0-5 88-0 1-7 73000 0-205 91-8 
Db 16250 79200 0-9 35450 79200 44-5 0-5 96-0 0-9 74500 0-315 69-4 
E 23200 105100 0-2 39800 110800 35-5 19-0 93-8 24-7 72500 161000 0-224 0-120 82-9 
F 25000 110200 0-6 44700 110300 39-0 * 85-7 4:8 79500 0-216 93-2 
A Aged 345°C, 13900 88200 0-4 33300 91000 47-5 2-5 95-3 39-1 66 500 0-303 55-9 
B 24h 23150 103500 2-6 36850 111200 39-0 22-5 95-4 33-7 66500 169000 0-233 0-148 72-9 
Cc 22400 108500 0-4 39700 108500 42-0 f 88-8 4-9 72500 0-238 84-7 
D 14900 87400 0-0 35500 87400 480 0-0 93-6 0-2 68 500 0-285 63-7 
E 23100 105000 0-0 39700 106500 39-0 1-0 93-1 4-1 71000 0-221 81-6 
F 23350 114100 0-2 41900 114100 39-0 0-5 84-9 6-1 76500 0-232 88-0 
A Aged 480°C, 14700 95300 0-4 33850 95300 52-5 ft 94-4 6-0 69500 0-317 57-2 
B 24h 21200 92100 2-4 35800 103400 46-5 Tf 90-9 10-9 73000 156000 0-305 0-141 67-9 
Cc 22350 101300 0-6 40100 101300 36-5 1-0 83-8 3-2 74500 0-253 80-3 
D 13900 75700 0-0 35300 75700 44-0 0-5 95-3 4-0 73500 0-321 63-9 
E 20200 92700 1-6 38150 106300 40-0 11-0 89-1 13-4 80000 166000 0-306 0-163 70-2 
F 24400 101700 1-3 42950 104000 38-0 5-0 84-8 14-3 83000 0-263 86-7 
* Not recorded + Broke outside gauge 
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a 0-0025%C b 0-013%€ c 0-052%C Fe-C alloys 
d 0-0026%C € 0-017%C ff 0-066%C Fe-0-45%Mn-C alloys 


1 Comparison of ferrite grain size. Specimens brine quenched from 720°C, aged 24 h at 345°C. Picral-nital etch 
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The solution treatment was done in vertical tube 
furnaces with temperature control of +2°C. The 
brine-quenched and oil-quenched specimens were im- 
mediately placed in liquid nitrogen and stored until 
tested. Duplicate specimens were tested in tension at 
room temperature and single specimens at +-196°C. 
Testing was done on a 12000 lb capacity Tinius-Olsen 
machine, at a strain magnification of 20 at room 
temperature and 25x at —196°C. An Olsen 8-20 
extensometer was used at room temperature and a 
cross-head extensometer at —196°C. For testing at 

~196°C, the specimens were submerged in liquid 
nitrogen, which was contained in a vessel supported 
around the specimen without interfering with the 
movement or alignment of specimen grips. 

The strength coefficient (K) and the strain harden- 
ing exponent (n) in the relationship o—K3", where o 
is true stress and § is true strain, were determined 
from true stress—true strain curves derived from load 
elongation curves. 
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RESULTS AND DISCUSSION 

Microstructures 

The microstructures obtained were recorded, for all 
variations of heat treatment, at 100 x to show ferrite 
grain size and shape, at 1000 x to show the arrange- 
ment of grain boundary carbides, by surface replicas 
at 10000 to show the spacing of carbides in the 
ferrite, and by extraction replicas at 50000 x to show 
the size and shape of individual carbide particles. It is 
impractical to illustrate all of these structures. 
Figure | shows the structure of the six alloys at 100 x, 
after brine quenching and ageing 24 h at 345°C. The 
Widmanstatten ferrite in alloys C and F (nominal 
0-05°,,C) was inherited from the previous treatment 
(Table IL). With these exceptions, the alloys were 
comparable in ferrite grain size and shape. 

Electron micrographs made from extraction replicas 
showed that there was little difference in size and 
shape between the carbide particles precipitated in the 
various alloys during similar ageing treatments. No 





a 205°C, 0-45% Mn, 0-017%C b 345°C, 0-052%C 
ec 480°C, 0-013%C 
2 Carbide particles extracted from specimens brine quenched 
from 720°C, then aged 24 h at the temperatures indicated 
x 50000 
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3 Effect of carbon content and heat treatment on room tempera- 
ture yield strength 


precipitates were observed in the two 0-0025°,C 
alloys (A and D) after ageing. The size and shape of the 
particles changed with ageing temperature. Figure 2 
illustrates the change from dendrites to oblong 
plates!® as the ageing temperature was increased 
from 205° to 480°C. 


Tensile properties 

The data obtained from the tensile tests are shown in 
Table ILI. The numbers shown in the columns for the 
tests at 20°C are the means of two determinations. 

The three specimens of alloy F (0-45°Mn, 0-066%C), 
brine quenched from 720°C, showed no yield point at 
either room temperature or —196°C, and very low 
ductility. Examination of the microstructures of these 
specimens revealed the presence of some martensite. 
At this nominal composition, it is very likely that 
minor variations in the solution temperature or in 
composition could change the phases present from 
4+C to a+y+C or «+-y. No martensite was found in 
any other specimens of this alloy. All other alloys in 
the series showed a yield point at room temperature, 
with varying amounts of yield point elongation, for all 
heat treatments. 

In the iron—carbon alloys, the yield point elonga- 
tion, when present, was always greater in the 0-013°%C 
alloy than in those with 0-0025 or 0-05°,,C. The reason 
for this behaviour is not known, but it would appear 
to be due to a reduction in the number of sites in the 
0-013%, alloy at which plastic deformation began. In 
the 0-0025%C alloy dislocations would not be com- 
pletely pinned by carbides, and would move more 
readily; in the 0-05% alloy the massive carbides 
present would tend to generate dislocations when 
stressed.1? 

The results of the mechanical tests at room tem- 
perature are summarized in Figs.3-8. As expected, the 
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4 Effect of carbon content and heat treatment on room tem- 
perature tensile strength 


variations in heat treatment did not produce changes 
in the mechanical properties of the specimens con- 
taining 0-0025°,,C, except for brine quenching, which 
slightly raised the yield strength. As the carbon con- 
tent increased, the yield strength, tensile strength, and 
hardness increased, whereas the elongation, reduction 
of area, and strain hardening exponent decreased. In 
general, the changes produced were greater for the 
increase of carbon from 0-0025 to 0-013-0-017°%, than 
for the increase from 0-013—0-017 to 0-052-0-066% 

The presence of 0-45° Mn in carbon-free ferrite 
caused a slight increase (3-6°,) in the tensile strength 
at room temperature, and a slight decrease in elonga- 
tion. This amount of manganese had no consistent 
effect upon the yield strength or reduction of area. At 
the 0-013-0-017%C level, manganese had no consist- 
ent effect upon any tensile property. At the 0-055- 
0-066°,,C level, manganese increased the tensile 
strength slightly, but had no consistent effect upon 
other tensile properties. 

The decrease in strain hardening exponent, n, with 
increasing carbon content, first noted by Smith, 
Spangler, and Brick,* is confirmed, although there 
were three instances in which n passed through a 
maximum at 0-013—-0-017%C. The presence of 0-45°%, 
Mn did not have a consistent effect upon n; with some 
heat treatments the values were lower than for the Fe 
or the Fe-C alloys, for others, the values were higher. 

It is obvious that the differences in precipitated 
carbide particle size and shape, in specimens aged at 
205°, 345°, and 480°C, produce little or no change in 
mechanical properties, with the possible exception of 
the strain hardening exponent. Specimens so treated 
were definitely overaged. In contrast, ageing 48 h at 
40°C, produced large increases in yield strength, ten- 
sile strength and hardness, and large decreases in 
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5 Effect of carbon content and heat treatment on hardness 


elongation and reduction of area. No precipitates 
were observed on extraction replicas after such ageing. 


DISCUSSION 

The average interparticle spacings in specimens aged 
at 205°, 345°, and 480°C were found to lie within a 
rather small range, from about 3000 to 17000 A, for 
both the 0-013-0-017 and the 0-052-0-066%C alloys. 
According to Orowan’s relation!!, there is too little 
variation in spacing to lead to measurable changes in 
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6 Effect of carbon content and heat treatment on room tempera- 
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x 


tensile properties. Examination of thin films of 
alloy #, after ageing at 205°C, indicated that all pre- 
cipitate particles had nucleated at dislocations, which 
can explain the lack of variation in carbide spacing 
after ageing at 205°, 345°, or 480°C. The dislocation 
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density would not vary greatly with the ageing within the matrix. The interparticle spacing was much 
temperature. The particles precipitated on {110} smaller than at the higher temperatures. These 
planes and grew in < 111 > directions, which indicates results will be presented in greater detail in a separate 
that they were Fe,C. After ageing at 100°C and below, communication. For the first time, it appears possible 
however, examination of thin films showed that in’ to relate the mechanical changes to the structural 
addition to precipitation on dislocations, a large changes occurring during the quench-ageing of iron. 

number of particles had precipitated on {100} planes The results of the tensile tests performed at —196°C 
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a 3% b 10% 
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10 Carbides extracted from 0:45%Mn, 0-017%C alloy, brine quenched from 720°C, aged 24 h at 205°C, then compressed as noted 


are more difficult to interpret than the results obtained 
at room temperature. It is obvious from Table III that 
196°C was below the tensile transition temperature 
for some of the specimens. With one exception the 
alloys containing 0-013-0-017°,C had higher n values, 
i.e. greater uniform elongation, at —196°C than those 
containing either more or less carbon. For this reason 
the conclusion reached by Smith et al.* that ferrite 
grain size is the sole factor determining ductility of 
0-02%C alloys at liquid air temperatures is not con- 
firmed. The difference between the results of the two 
investigations is almost certainly due to the difference 
in dispersion of carbides, i.e. Smith et al,® did not 
investigate quenched and aged specimens. The present 
results confirm the conclusion of Josefsson‘ that a fine 
dispersion of carbide promotes ductility, at least at 
low temperatures. It is interesting to speculate on the 
reasons for this effect. First, the carbide precipitate 
increases the uniform elongation; it is possible that the 
particles serve as sources of dislocations at low tem- 
peratures, thus distributing slip more uniformly, an 
effect similar to that produced by decreasing the grain 
size. This is opposite to the situation at room tem- 
perature, where the presence of the fine carbides 
increases the nonhomogeneous deformation (yield- 
point elongation). Secondly, the particles, in being 
shattered by slip, decrease the energy available for 
formation of cracks. Thirdly, the presence of the pre- 
cipitate probably inhibits twinning, thus eliminating 
cracks that can be formed at the junction of twins. 
The maximum total strain observed at the tempera- 
ture of liquid nitrogen agreed very well with the values 
of about 0-150 reported by Smith ef al.* for iron— 
carbon alloys at a grain size of ASTM 3-4. They 
reported that the strain hardening exponent, n, 
decreased with temperature, and this is confirmed. 
The values of » at —196°C are about half those at 
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room temperature. Despite this apparent good agree- 
ment, i. should be noted that comparisons between 
the present work and that of Smith et al.6 may be 
complicated by the difference in diameter of test 
specimens (0-125 in v. 0-200 in). It has been shown 
that such a difference can affect the tensile properties 
of a 0-43°%C steel'*; similar effects may occur in low- 
carbon irons. 

In order to study the interaction between slip and 
precipitated carbide particles, specimens of alloy EF 
(0-017°,.C-0-45%Mn), brine quenched from 720°C, 
then aged 24 h at 250°C, were cold-rolled to 3, 10, 30, 
60, and 90% reduction of thickness. Also small 
cylindrical specimens were compressed 3 and 10%. 
Extraction replicas were taken from these cold-worked 
specimens, as shown in Figs.9 and 10. There were no 
obvious differences between the effects produced by 
the two types of deformation. These results have two 
interesting aspects: 

(i) deformation is highly non-uniform. Even at 
60°, reduction, there are carbide precipitates 
that remain undeformed 

(ii) the carbide precipitates are seldom deformed 
plastically. With a few exceptions, they are 
either completely shattered by a slip band or 
they remain undeformed. 

Measurement of the size of the undeformed carbide 
particles after 60°% deformation indicates that these 
must be contained in undeformed blocks of iron at 
least 5 x 10-5 cm in size. This size is the same as that 
measured from X-ray line broadening by Garrod and 
Auld in iron wires strained to fracture.!* Also, it is 
obvious that such blocks are a direct result of the 
deformation process, and do not form from uniformly 
deformed iron as a result of subsequent recovery. If 
the latter were the case, all the carbide particles would 
show evidence of deformation. 
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11. Fractured carbide extracted from fractured end of tensile 
specimen, 0-013%C alloy, brine quenched from 720°C, 
aged 24h at 345°C x 50000 


The dendritic carbides shown precipitate on {110} 
planes of the ferrite.!° which are slip planes. However, 
they are too fragile to stop the progress of slip. When 
struck by a slip band they are sheared into very much 
smaller particles, which appear to be about 40 A dia. 
on the extraction replicas. These fragments, smeared 
out along the slip plane, might be thought to have the 
character of a crack. However, from the results of the 
tensile tests at liquid nitrogen temperatures and from 
Josefsson’s impact tests at low temperatures‘ this is 
not the case. Rather, it appears that the energy dissi- 
pated in shattering the carbide is not available for 
crack formation elsewhere. 

An attempt was made to relate the fine carbides to 
the path of fracture in specimens broken at — 196°C. 
The fractured surfaces were nickel plated, then 
polished and etched in a plane perpendicular to the 
fracture. Extraction replicas were taken across the 
intersection of the fracture with the polished surface. 
The cleavage fracture followed {100} planes with no 
obvious attention to the precipitated carbides. 

When the particles were more massive than the 
dendrites shown in Figs.9 and 10 they were fractured 
by slip in the ferrite, as shown in Fig.11. 


CONCLUSIONS 
1. The changes in tensile properties of ferrite caused 
by adding carbon are more pronounced for increments 


between 0-002 and 0-02°,C than for increments 
between 0-02 and 0-07°% 

2. When quenched Fe-—C alloys (0-013-0-07%C) 
are aged in the range 200—-500°C, the tensile properties 
at room temperature and the carbide particle spacing, 
are essentially independent of ageing temperature. 

3. Carbon in the proper amount and distribution 
can improve the low-temperature ductility of ferrite, 
as measured by the amount of uniform elongation. 
The amount should be less than 0-02°; and the carbide 
particles should be finely dispersed within the grains. 

4. Increasing the carbon content, at least up to 
0-07°,, decreases the strain hardening exponent n of 
ferrite. 

5. The addition of 0-5°,.Mn to high-purity iron and 
Fe—C alloys slightly increases the tensile strength and 
slightly decreases elongation, but has no effect on 
other tensile properties. 

6. Deformation of cold-rolled ferrite is highly non- 
uniform. After 60°, reduction, there are present 
nearly undeformed blocks of at least 5 10-° cm in 
size. 

7. The fine dendritic carbides precipitated during 
ageing at 205°C share very little of the plastic deform- 
ation of the matrix. They are either shattered by con- 
centrated slip, or they remain largely unaffected. 
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Spark-hardening of cutting tools, austenite 
formation and edge erosion 


N. C. Welsh, Ph.D., B.Sc. and P. E. Watts, B.Sc. 


INTRODUCTION 


INTEREST HAS BEEN recently aroused in a process for 
hardening metal surfaces by the action of electric 
sparks. In this process the area to be treated is scanned 
with an electrode which vibrates in contact with the 
surface to produce the sparks. Each spark fuses a small 
volume of metal and the overlapping of the affected 
regions produces a continuous, though somewhat 
uneven, hardened skin. 

The process has been intensively developed in 
Russia and is currently being used to protect the 
rubbing surfaces of numerous engineering tools and 
components. Western interest in the process appears 
so far to have been limited to its application to the 
hardening of cutting tools and two British firms have 
marketed equipment for this purpose.'~* In keeping 
with Russian claims in this field*~’ it is stated that a 
two to fourfold increase in tool life is commonly 
obtained with treated tools and that greater increases 
are observed in specially favourable circumstances. 
Similar results have been reported by German and 
Czechoslovakian workers.®: ® 

An earlier paper by one of the present authors!® 
described the basic principles of spark treatment. 
Hardening was shown to be in part due to the rapid 
chilling of the heated metal and in part to the effects 
of absorbed atmospheric gases, but the factor of para- 
mount importance is the transfer of matter from the 
electrode used to generate the sparks. Electrodes are 
normally made from sintered hard metal carbide and 
during sparking a thin layer on the workpiece surface 
becomes enriched with transferred carbide. A hardness 
level approaching that of the carbide electrode can be 
attained in the alloyed layer and the possibility of com- 
bining the extreme wear resistance of carbide cutting 
tools with the comparatively high shock resistance and 
cheapness of steel is obviously attractive. It is, how- 
ever, the purpose of this communication to draw atten- 
tion to certain special problems which arise when the 
process is applied to cutting tools. 

Since the layer of carbide enriched material is very 
thin (not usually more than 0-001 in) the cutting tool 
must be pre-hardened by normal means; spark- 
treatment is merely intended to accentuate the hard- 
ness in regions subject to greatest wear. There is, 
accordingly, the danger that the thermal effects of the 
sparks may adversely affect the structural condition of 
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SYNOPSIS 


The wear resistance of metal surfaces can be increased 
by spark treatment and it has frequently been claimed 
that the life of steel cutting tools is extended by this process. 
This paper describes the metallurgical changes which 
occur when steel is sparked with an electrode of tungsten 
carbide and draws attention to special problems which 
arise when the process is applied to cutting tools: (i) the 
hardening produced by the transfer of carbide is offset by 
the softening effect of retained austenite and although the 
hardness of the surface may rise to very high levels, a sub- 
cutaneous layer of softened material is always formed. 
(it) when an edge is sparked the process becomes erosive 
and tends to blunt the cutting tool. The practical implica- 
tions of these features are discussed. It is shown that the 
hardness of the softened regions can be restored by heat 
treatment after sparking and that blunting of the tool can 
be prevented by a simple form of edge protection. 1931 





the pre-hardened steel. Experiments will be described 
that show this danger to be real; the production and 
retention of large quantities of austenite during spark- 
ing tends to cause softening and unless the surface 
layer is strongly enriched with carbide, the net effect 
of sparking is to soften rather than harden the tool. As 
a further consequence of the thinness of the layer, it is 
not, in general, practicable to more than lightly hone 
the surface after treatment. It is, therefore, important 
that the cutting edge should not be damaged during 
sparking and Russian authors‘ stipulate that the 
sparking electrode must not be allowed to make 
actual contact with the edge. The reason for this 
caution is made evident by experiments described in 
this paper which show that when an edge is sparked 
the character of the process changes and severe ero- 
sion ensues. The practical implications of these 
features are discussed and remedial measures are 
proposed, On the one hand the hardness can be re- 
stored by heat treatment after sparking and on the 
other a simple form of edge protection eliminates 
erosion and allows sparking to be conducted up to the 
cutting edge. 


EXPERIMENTAL 
Sparking technique 
The circuit used to generate the sparks is shown 
schematically in Fig.la. The same basic circuit is 
employed in Russian spark-hardening practice (and, 
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A Electrode B Vibrator C Workpiece* 

D Microswitch for reversing lead-screw drive 
E Lead-screw for reciprocating vibratort 

F Mercury contact 

* Rotational (surface) speed 25 cm/s 

+ Traverse speed 4 cm/min 


1 (a) Sparking circuit and (b) sparking apparatus 


presumably, also in equipment of British manufac- 
ture). The electrode is connected to the positive pole of 
the condenser C and vibrated electromagnetically at 
100 c/s in contact with the workpiece (negative). The 
condenser discharges immediately prior to ‘make’ to 
give the spark and recharges during the ‘break’ part of 
the cycle. During actual make a small current, deter- 
mined by the value of the charging resistance RF, flows 
through the contacts. 

In all experiments the applied voltage was 120 V. 
The values of capacitance and short circuit current 
employed are shown in the table below. Similar values 
are used in many Russian applications of the process. 


Values of circuit parameters 


Capacitance, uF Short circuit current, A 


8 0-12 
24 0-38 
120 1-6 


In practical tool hardening the electrode is usually 
manipulated by hand but to ensure uniformity of 
treatment in these experiments the electrode was 


x 180 





2 Microsection of sparked layer on soft 0-98%C 
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traversed mechanically over the surface. For most 
purposes the workpiece was a } in dia. cylinder and an 
area of 2 cm? was sparked on the cylindrical surface by 
rotating the cylinder and reciprocating the electrode 
along the axis as in Fig.1b. Before sparking, the work- 
piece surface was ground with emery paper to a finish 
of about 20 » in CLA. 

A commercial metal cutting grade of sintered car- 
bide was used for the electrode in the form of rectangu- 
lar blocks, } in x 3 in section, brazed to a steel shank. 
The nominal composition of the carbide was 78%, WC, 
16% TiC, 6%Co. 
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5 Microsection of sparked layer on hardened 0-98%C steel 


RESULTS 

Hardening of soft steel 

Before considering the effects of spark action on 
hardened steel it is instructive to consider the metallo- 
graphic changes that take place on soft, plain carbon 
steel. 

A typical microsection of a sparked sample of 
normalized 0-98°,C steel is shown in Fig.2. (It should 
be noted that the apparent thickness of the sparked 
layer has been increased by a taper-sectioning tech- 
nique.) The spark-affected regions are highly resistant 
to etching but, on close scrutiny, it is possible to dis- 
tinguish two principal structural zones. In the outer- 
most regions (zone 1) the metal has been melted by the 
sparks and this zone is characterized by the presence 
of numerous pores representing bubbles of trapped 
gas. At greater depths melting has not occurred but 
the temperature has been high enough to induce the 
a~y transformation (zone 2); this zone merges without 
sharp discontinuity into the unaffected substrate. 

It is important to appreciate that since the heat 
pulses are extremely brief the opportunity for diffusion, 
particularly for solid diffusion, is very restricted. 
Alloying matter from the electrode therefore cannot 
penetrate appreciably into zone 2. The maximum 
hardness attainable in zone 2 is accordingly that of 
fully quenched steel, viz. up to about 900 DPN, while 
the hardness of zone 1 is augmented by alloying with 
electrode matter. Thus in the microhardness profile 
shown in Fig.3 the hardness of zone 1 approaches that 
of the sintered carbide used for the electrode (~1650 
DPN) while hardness values exceeding 900 DPN do 
not oecur within zone 2.* The rapid fall of hardness 
within zone 1 reveals the overall concentration gradi- 
ent in this region, but the scatter in the microhardness 
values reflects the considerable point to point varia- 
tions in composition which are a natural consequence 
of the localized nature of spark action. 





* The microhardness readings in Fig.3 and in all similar figures 
were made on chordal sections of the sparked cylinders. The 
observed positions of the zone boundaries are indicated by 
broken lines and the calculated real depths are shown on these 
lines. 
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6 Microsection of sparked layer on hardened tool steel 


Softening of hard steel 
When soft steel is sparked the hardness can, of course, 
only be increased but if the steel is prehardened by 
normal quenching procedures a new situation arises. 
Figure 4 shows a hardness profile, equivalent to Fig.3, 
but in this instance the steel was oil-quenched to 750— 
800 DPN before spark treatment. It is apparent that 
although intense hardening has occurred in the outer- 
most regions, a subcutaneous layer of material is much 
softer than the original steel. 

Softening of the prehardened steel could conceivably 
occur from one or all of three causes: 

(i) tempering of the steel through a general rise in 
the workpiece temperature during sparking 
local tempering by the heat from individual 
sparks 
the formation and retention of large quantities 
of austenite. 


(il 


— 


(ill 


~— 


Since deep-seated softening of the steel was not 
observed, factor (i) can be eliminated. Experience has 
in fact shown that unless the workpiece is extremely 
small and sparking very prolonged, the general 
temperature rise is negligible. 

When considering factor (ii) it is obvious that sub- 
critical temperature pulses from each spark must exert 
some tempering action on adjacent areas. However, it 
is necessary to take into account the fact that although 
the period of treatment may amount to several 
min/cem? of surface area, the effective heating period is 
extremely short. The duration of the spark discharge 
is only about 10~* s, i.e. 1/100 part of the make and 
break cycle. From the known area of the surface affect- 
ed by a single spark (about 1 mm®) it can be calculated 
that in a treatment time of 20 min/cm® any point in 
the surface region will be heated, on the average, for a 
total period of about 0-1 s. Such short periods are un- 
likely to produce a marked degree of softening. This 
conjecture is supported by the metallographic struc- 
ture of the sparked steel shown in Fig.5. Three struc- 
tural regions can be distinguished. Two of these zones 
are highly etch-resistant and correspond to zones | 
and 2 observed on soft steel (ef. Fig.2). The third 
region is darkly etching and represents material heated 
to subcritical temperatures high enough to cause some 
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7 Hardness profiles: hardened tool steel 


tempering of the steel. However, the position of the 
zone boundaries is indicated on the hardness profile of 
Fig.4 and it is evident that although a detectable fall 
of hardness occurs in the dark etching zone, the change 
is very small in comparison with that occurring in 
zone 2 and the lower part of zone 1. The etch-resistant 
character of the softest regions is incompatible with 
the notion that the tempering action of the sparks is 
responsible for the major fall in hardness. 

The formation and retention of considerable quanti- 
ties of austenite appears, accordingly, to be the only 
reasonable interpretation of the softening. Retained 
austenite is, of course, a common feature in rapidly 
cooled high carbon steels but the large reduction in 
hardness would appear to imply a greater proportion 
of austenite than is normally found in plain carbon 
steels of similar carbon content and certainly a much 
greater proportion than retained by oil-quenching the 
same steel (since this is the actual comparison being 
made). 


Softening of high-speed tool steel 


It may readily be inferred from the hardness profile in 
Fig.4 that softening in the outer part of zone 1 had 
only been prevented by the assimilation of trans- 
ferred electrode matter. To clarify this point a study 
was made of the influence of the principal variables 
which determine the quantities of matter transferred, 
viz. the time of sparking and the power setting. These 
experiments were conducted with high-speed steel 
(0-8%C, 21%W, 11-5%Co, 5-0°Cr, 1-5%V, 0-5%Mo) 


which, in normal quenching procedures, tends to retain 
austenite more readily than does plain carbon steel. 
Before use the steel was subjected (by the manufac- 
turers) to the standard quenching and secondary 
hardening treatments. 

A typical microsection of sparked, high-speed steel 
is shown in Fig.6. Two etch-resistant regions (zones 1 
and 2) are again present, but the third, darkly etching 
zone found on plain carbon steel (see Fig.5) is absent 
(reflecting the greater resistance to tempering of the 
high-speed steel). 

Figures 7a—f show the effect of varying the time of 
sparking at three power settings. It is apparent that at 
the lowest power setting (8 «F) the effect of sparking 
was wholly to cause softening. Even after 20 min treat- 
ment the surface hardness did not rise to the original 
hardness of the steel. At the 24 uF setting the short 
time treatment again caused only softening, but after 
20 min the increased enrichment with carbide had 
caused pronounced hardening in the outermost part of 
zone 1. At the highest power setting (120 .F) super- 
ficial hardening had occurred during even the short 
time treatment. 

The net gain in mass of each square cm of surface 
during sparking is shown on each graph. It is, how- 
ever, more instructive to consider the actual distribu- 
tion of the alloying material in the surface layers as 
determined by microbeam X-ray analysis. The tech- 
nique and equipment used for the analysis have been 
described elsewhere.'! An electron beam probe, 1 yu 
dia., was scanned across the microsection, following 
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the lines of microhardness impressions made in com- _ is clearly very marked. After 4 min/cm? treatment the 
piling Figs.7¢ and d, and the curves of Figs.8a and b tungsten content had not increased above about 30%, 
show the measured percentage of tungsten in the whereas after 20 min/cm? it had risen to over 60°, in 
sparked layer. Since considerable fluctuations in com- the outermost part of the layer. Since the original elec- 
position were observed to occur laterally as well asin trode material contained 16°%TiC and 6% Co and the 
depth, these results only indicate the general trend, carbon from the tungsten carbide must be accounted 
but the difference between the two times of treatment for, it is apparent that the concentration of iron close 
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10 Hardness profile: oil-quenched 0-98%C steel sparked 
120 uF :4 min|[cm*, tempered 30 min at 295°C 


to the surface in the heavily sparked specimen must 
have been extremely small. 

Curves representing the mean hardness values in 
Figs.7¢ and d are reproduced in Fig.8 and comparison 
of the two types of curve indicates that until the actual 
tungsten content rises above about 50%, the softening 
tendency still prevails. 


Rehardening of the softened regions 

A substantial proportion of the austenite retained by 
normal quenching procedures can often be converted 
to martensite by cooling the steel to sub-atmospheric 
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The electrode vibrates in the direction Z-Z’ and is reciprocated 
along X-X’ and Y-Y’ 


12 Arrangement for edge erosion measurements 


temperatures. However, attempts to reharden the 
softened regions in the sparked high speed steel by this 
means met with no success. The same negative result 
was obtained after repeated cycles of cooling in liquid 
air and warming to room temperature, a process which 
has been shown'* to be more effective than a single 
cycle in promoting the decomposition of austenite 
retained by normal quenching. 

Recourse was therefore made to elevated tempera- 
tures. By heating the sparked samples to temperatures 
in the range employed for the standard secondary 
hardening treatment of this high speed steel, namely 
570-590°C, it proved possible to restore the hardness 
of the softened regions. This is illustrated in Fig.9 
which shows the effect of heat treatment on the same 
specimens as used in constructing Fig.7. The mean 
hardness values observed on the as-sparked specimens 
are reproduced in Fig.9 and it is apparent that 14 h 
tempering at 580°C had restored the hardness in the 
softened zones, in most instances without any marked 
effect on the general hardness of the steel, The results in 
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11 Mass changes on sparking a tool edge 
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13 Sparking a tool edge 


Figs.9c and d are exceptional in the last respect; here the 
softening of the basis steel was quite pronounced, but 
this steel sample was abnormally hard as received 
from the manufacturers and the final hardness is still 
slightly greater than that of the other specimens. 

A feature of special interest in Fig.9 is the general 
rise in hardness in the outermost, carbide-rich, 
regions. It is possible that hardening in these regions 
is augmented by the precipitation of carbides from 
forced solid solution during the tempering treatment. 

Plain carbon steels are less amenable to this restor- 
ative treatment as general softening occurs at much 
lower temperatures than for high-speed steel. Thus 
tempering of the sparked, prehardened, 0-98°,C steel 
at temperatures up to 250°C produced no measurable 
hardness change in the softened regions or in the basis 
steel, while tempering at higher temperatures pro- 
duced a slight rehardening of the softened material but 
only at the expense of general softening: a typical 
result after tempering 30 min at 295°C is shown in 
Fig.10. As in the case of high-speed steel, sub-zero 
treatment in liquid air had no detectable influence on 
the hardness. 


Edge erosion 
The changes described above would occur on any type 
of spark-treated article made from hardened steel. 
Attention may now be drawn to a feature of the pro- 
cess which is encountered only with articles, like cut- 
ting tools, where treatment is applied to an edge or 
point. 

Although in most circumstances sparking produces 
a net gain of matter on the workpiece, some evapora- 
tion and loss of steel from the surface always occurs. 
Experiment has shown that the restricted heat flow at 
an edge or point greatly accentuates the erosive loss. 
This effect is illustrated in Figs.lla and 6 which show 
the mass transfer behaviour associated with tool edges 
of varying included angle. The measurements were 
made with the arrangement sketched in Fig.12. The 
electrode was reciprocated simultaneously across and 
along the workpiece edge, a mode of operation which 
ensures uniform erosion of the electrode face. (If the 
motion is only in the direction parallel to the edge a 
groove forms on the electrode face and sparking occurs 
on the flanks of the tool as well as the edge.) 

It is apparent that the transfer behaviour for an 
included angle of 150° is similar to that for a flat sur- 
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14 Hardness profile of commercially treated milling cutter 


face, but on reducing the angle to 110° the workpiece 
gain diminishes sharply. On further reducing the angle 
the process changes to one of net erosion which 
increases in severity as the angle becomes smaller. 

It will be noted that the loss of matter from the elec- 
trode is almost independent of tool angle (see Fig.116). 
Moreover, the rate of loss remains constant with time 
of sparking, whereas the rate of erosion of the work- 
piece diminishes rapidly as sparking proceeds. The 
latter feature is presumably due to the fact that ero- 
sion produces a flat on the workpiece edge and the 
behaviour accordingly tends to revert to that which 
characterizes a plane surface. Indeed, in the case of the 
90° angle the transfer curve shows a slight gain of 
matter after the primary erosive stage (see Fig.11a). 

These experiments, in which the edge was sparked 
continuously, represent abnormally severe conditions 
and in practice spark-hardening a tool face would be 
conducted with a geometrical arrangement similar to 
that shown in Fig.13a. If then the electrode is passed, 
intentionally or accidentally, over the edge, the edge 
itself is sparked for only a fraction of the total time. 
Since the weight gain on the plane surface tends to 
predominate, it is difficult to assess the edge erosion by 
weight measurements and in these circumstances the 
actual profile of the sparked surface provides a better 
guide to the changes taking place. A Talysurf record of 
a tool sparked in this way is shown in Fig.13b. The 
original profile is indicated by the broken lines and it is 
apparent that although build-up of transferred materi- 
al has taken place on the general surface, severe ero- 
sion of the edge has occurred. 


Edge protection 

It has been established that the erosive tendency can 
be eliminated by clamping a second piece of steel 
against the edge so that it forms a co-planar surface 
with the tool (see Fig.13c). A Talysurf record taken 
directly across the edge of a tool sparked in this way 
is shown in Fig.13d and comparison with the equival- 
ent trace from a tool sparked without the edge pro- 
tector (Fig.13b) demonstrates the effectiveness of this 
technique. 

It is not essential that the edge protector should be 
made of steel, though by using steel of similar compo- 
sition to that of the workpiece all risk of contaminating 
the edge is avoided. When treating tools of simple 
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shape it may be possible to clamp a pair of tools 
together and use an unimportant face of the second 
tool as the edge protector. 


DISCUSSION 

The experiments described in this paper indicate that 
some degree of softening is an inevitable consequence 
of the spark treatment of prehardened steel. When the 
quantity of transferred carbide is small, the softening 
extends over the whole of the heat-affected layer. 
When the outermost layer is heavily enriched in car- 
bide, the hardness rises to high values but a sub- 
cutaneous softened region still persists. 

As evidence that the experimental conditions em- 
ployed in this work typify spark-hardening practice, 
reference may be made to Fig.14, which shows the 
hardness profile of a high-speed steel tool supplied as 
a sample by one manufacturer of commercial spark- 
hardening equipment. It is evident that in this exam- 
ple marked softening has occurred and even at points 
close to the surface the hardness does not exceed that 
of the original steel. 

If the profile of Fig.14 is characteristic of successful 
treatment it must be concluded that the surface 
hardness is not an adequate criterion of tool per- 
formance. No direct evidence is, however, available to 
justify this conclusion since the tool in question was 
not subjected to cutting tests. There is, in fact, a 
general dearth of information on this point and no 
attempt appears to have been made to correlate tool 
life with the surface hardness produced by sparking. 
Some transformation and rehardening of the austenite 
may, of course, occur during the machining operation 
due to frictional heating of the tool tip. It is, however, 
improbable that such hardening could take place 
rapidly enough to be effective and it is reasonable to 
assume that retained austenite will, at the minimum, 
prevent the full benefits of the process from being 
realized. 

It has been established that the surface hardness of 
high-speed steel can be fully restored by heat treat- 
ment after sparking and it may well prove to be of 
practical benefit to reharden the tools in this way. It 
should, however, be noted that although a single 
tempering period produced very little softening of the 
general steel (Fig.9), repeated heat-treatment at the 
same temperature is likely to cause a progressive fall 
of hardness and this may be a limiting factor if applied 
to tools requiring periodic regrinding and resparking. 
If the hardness could be restored by subzero treat- 
ment this difficulty would be avoided and the tech- 
nique could be extended to plain carbon steels. It is 
remarkable that neither of the steels studied in this 
work showed any change in hardness after cooling in 
liquid air and it is possible that the surface stress 
system imposed by sparking increases the stability of 
the austenite. However, it is well known that the 
response to subzero treatment varies greatly with the 
composition of the steel and in some instances this 
simple tactic may be effective. In earlier tests on plain 
carbon steels, sparked without prehardening, some 
response to liquid air cooling was observed.'® This 
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discrepancy may reflect a difference in composition of 
the steels or a difference in the stress system developed 
on a soft base material; further work is required to 
clarify this point. 

In considering the problem of edge erosion, refer- 
ence should again be made to the fact that Russian 
authors state explicitly that the sparking electrode 
must not be allowed to approach the cutting edge too 
closely. It appears to be the practice to leave a band, 
0-2-0-4 mm in width, of unsparked surface along the 
cutting edge.* It is obvious from the experiments 
described in the present paper that this precaution is 
justified if no special steps are taken to protect the 
edges. However, the requirement would appear to cur- 
tail the benefits of the treatment. It is true that the 
severest wear sometimes occurs some distance from 
the edge (crater wear) but, in general, the maximum 
protection is required at the very edge. The shielding 
technique developed in the present work allows spark- 
ing to be conducted up to the edge without fear of 
erosion and seems to provide a simple practical solu- 
tion to this problem. 

It is evident that although the results presented in 
this paper do not reflect adversely on the claims made 
for the spark-hardening process they do bring to light 
features of the process which are likely to reduce the 
effectiveness of the treatment if no remedial steps are 
taken. They also demonstrate the fact that the con- 
stitution and properties of the sparked surface can 
vary very widely and in the absence of complete pro- 
cedural details, much difficulty may be experienced in 
attempting to reproduce the results of other workers. 
A plea must be made that in all reports on cutting 
tests, the sparking procedure be described in full and 
an attempt be made to correlate the test data with the 
changes in composition, hardness, and surface profile 
produced by treatment. 
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ANDREW CARNEGIE RESEARCH REPORT 


The carbide constituents in 
iron—carbon-silicon alloys 


J. G. Humphreys and W. S. Owen 


INTRODUCTION 


THE CARBIDE usually found in white cast iron is 
cementite, Fe,C, free of silicon.' However, other car- 
bides have been reported. The fine acicular carbide 
obtained by rapidly quenching a eutectic iron—carbon— 
silicon alloy featured prominently a few years ago in 
the controversy*~*® concerning the origin of the so- 
called ‘undercooled graphite’ structure. Owen and 
Street? showed, by X-ray examination, that in a 
2-44°Si alloy the acicular carbide is cementite, but by 
chemical analysis of extracted carbide, Morrogh and 
Williams* concluded that in higher silicon alloys a 
silico—carbide is formed. 

In alloys cooled less quickly than required to pro- 
duce acicular carbide a variety of microconstituents 
supposed to be silico—carbides are known. The first 
reference to such a constituent was by Stead® in 1910, 
who produced microscopic evidence that hypo- 
eutectic alloys cooled at a non-equilibrium rate can 
solidify with the formation of a duplex carbide struc- 
ture. He showed that two carbides, one of which he 
described as a silico—carbide, could be differentiated by 
heat tinting. Much later Marles’ carried out a system- 
atic microscopic examination of rapidly cooled irons 
containing from 1-7 to 3-6%,C and up to 7%Si. In the 
alloys containing more than 2-5%Si, a non-heat- 
tinting constituent was found; the volume fraction 
increasing with silicon content up to 7°%,Si. Figure 1 is 
& microstructure showing typical Marles constituent. 

Hurst and Riley® found a constituent enveloping 
the silico-ferrite grains (Fig.2) in rapidly cooled com- 
mercial high-silicon alloys containing 10-15°,Si and 
0-16-1-0% C. They showed that this carbide readily 
decomposes to graphite and they estimated that it 
contains between 2 and 3-5%C. 

Owen and Street® described a new microconstituent 
in slowly cooled high-purity vacuum-melted alloys 
containing 5-8°,Si and less than 1°C which is fre- 
quently found in the form of a Widmanstatten pattern 
(Fig.3). It is more resistant to heat tinting than 
cementite and it was designated the X-constituent. In 
some specimens this constituent forms a duplex struc- 
ture with cementite. The same constituent was found 
by Hilliard and Owen'® during the course of their 
study of the Fe-C-Si ternary diagram. Duplex-carbide 
microstructures, not unlike those described by Owen 
and Street, were found by Harry!! in a 4%Si trans- 
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SYNOPSIS 

The carbides in iron—carbon-silicon alloys known as the 
X-constituent, the Marles’ carbide, and the Hurst and 
Riley carbide are shown to have the same crystal struc- 
ture. They have a hexagonal unit cell and the metal 
lattice has an axial ratio of 1-6. By planimetric and 
chemical analysis it is shown that they are an iron 
silico—carbide containing about 9°%,Si and 6-5°%C. The 
composition range over which the hexagonal silico— 
carbide is formed in alloys slowly cooled in vacuo has 
been explored and by quenching experiments it is shown 
that it can either be precipitated directly from silico- 
ferrite or be formed by a eutectoid decomposition of high 
silicon austenite. The significance of these results in rela- 
tion to the metastable iron—carbon-—silicon ternary dia- 
gram is discussed. 

The kinetics of graphitization of the silico—carbide have 
been studied and evidence is described which suggests that 
the most probable rate controlling step is the diffusion of 
silicon. 1924 





former steel. In similar material Leslie, Fisher, and 
Sen!? found a precipitate, which they showed was 
neither cementite nor epsilon carbide, in the form of 
lenticular dises on {100} planes. 


Some X-ray diffraction studies of these carbides , 


have been reported but no systematic structural rela- 
tions have emerged. Owen and Street® considered that 
the X-constituent is isomorphous with a carbide found 
by Jack in an Fe-Mn-Si-C alloy (32°,,Mn, 14-15°%,Si). 
This carbide has a triclinic unit cell but it can be des- 
cribed in terms of a slightly distorted hexagonal cell of 
dimensions a=6-4 KX, c/a=1-5. The strongest reflec- 
tions from the Marles and Hurst and Riley constituent 
were reported but no connexion between the various 
diffraction patterns was evident. Konoval, Zwell, 
Gorman, and Leslie!® obtained electron diffraction 
patterns from the lenticular precipitate in a 3-25°,Si 
iron. To obtain a useful X-ray diffraction pattern it 
was found necessary to increase the carbon content 
from 0-03 to 0-06% and to carry out an ageing treat- 
ment to precipitate the constituent from the ferrite. 
They assigned an orthorhombic unit cell (a=8-8 KX, 
b=9-0 KX, and c=14-4 KX) to the precipitate but 
this cannot be reconciled with earlier electron diffrac- 
tion evidence’? and the identification is considered 
only tentative. 
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1. Typical Marles carbide. Microphoto- 
graph by BCIRA. Etched picral and 
heat tinted x 600 


Clearly, the information concerning the crystal 
structure, morphology, and composition of these 
microconstituents alleged to be silico—carbides is in- 
adequate to form a firm conclusion as to their nature. 
No experimental work designed to study the mode of 
formation, the stability on heating, or the kinetics of 
the decomposition reactions has been described. The 
present study was intended to provide some of the 
missing experimental data and so to contribute to the 
general understanding of the carbides in Fe—C—Si 
alloys. 


EXPERIMENTAL 


The alloys were 150 g ingots made by melting BISRA 
high purity iron,* graphite pellets, and powder silicon 
(99-95°,Si) in an alumina crucible. The alloy was kept 
molten for 10 min by high-frequency induction heating 
in a vacuum which towards the end of the period was 
better than 10-4 mmHg. Each ingot was sectioned 
longitudinally and only macroscopically homogeneous 
ingots were examined further. The chemical constitu- 
tion of the alloys is given in Table I. 

The high-silicon alloys containing relatively large 
amounts of the micro-constituent suspected of being a 
silico—carbide were examined by a Debye—Scherrer 
X-ray technique using a Van Arkel 9 cm camera. In 
the first experiments filtered Co K, radiation and 
powder specimens prepared by grinding were used but 





* Analysis 
BISRA ‘Oxidized’ high purity iron %-weight 


C 0-008 P 0-001 Al 0-001 
Si 0-002 Ni 0-01 O 0-2 
Mn 0-005 Cr 0-001 N 0-01 
S 0-008 Cu 0-006 





the diffraction lines, other than broadened silico- 
ferrite lines, were faint and often broadened. Attempts 
to low-temperature stress-relieve the powders pro- 
duced graphitization. Later it was found that greatly 
improved patterns were obtained by using radiation 
monochromatized by a flat lithium fluoride crystal and 
solid specimens in the form of a needle about 1-5 em 
long and 0-2 mm dia. prepared by revolving a ground 
rod in a solution of 1 part nitric acid, 1 part hydro- 
fluoric acid, and 12 parts water. The diffraction lines 
were indexed by the Hull-Davey method."* 

Two methods of assessing the composition of the 
supposed _silico-carbide constituents were used. The 
constituent was extracted from alloys 4, 9, and 10 by 
attacking with aqueous iodine and 4%, hydrofluoric 
acid. The extracts were then analysed by chemical 
methods and by X-ray diffraction. The extraction and 
chemical analysis was carried out by the British Cast 
Iron Research Association. Other specimens, which 
contained only silico-ferrite and the supposed silico— 
carbide micro-constituent, were examined by a plani- 
metric technique. The volume fraction of the second 


TABLE | High-purity iron-carbon-silicon alloys. Composi- 
t 








jon wt-°, 

Alloy no. Silicon Carbon 
7 4°88 0-80 
5 5-50 0-81 
3b 7-92 0-43 
4 7-78 0-41 
1 8-O8 0-40 
6b 7-72 0-94 
8 7°65 1-01 
8b 9-15 1-01 
9 12-22 0-30 

10 7-30 1-76 
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3 0-46%C, 8-10%Si alloy slowly cooled. Etched in picral x 850 


was assessed from the X-ray lattice parameter and so 
it was possible to estimate the silicon content of the 
carbide. The results obtained by this method are 
crude, the major errors arising from the error in the 
2 Typical Hurst and Riley carbide alloy. 0-30%C, 12-22%8i, quantitative microscopy and the difficulty of accur- 


quenched from 860°C. Etched picral x700 ately measuring the lattice parameters of specimens 
with a certain amount of microscopic heterogeneity. 
constituent was measured by point counting and the Cooling and heating curves between the liquid state 


carbon concentration in the carbide was estimated, and room temperature were carried out in vacuo. The 
assuming that all the carbon in the specimen is present cooling rate was about 200°C/min~'. The thermal data 
in the carbide. The silicon content of the silico—-ferrite were supplemented by microscopic examination of 


TABLE I! Comparison of d-spacings for different carbides (KX units) 








I Il Ill IV Vv VI Vil 
Extracted 
Marlies carbide Hurst and Riley 
and constituent 
Cementite €-carbide X-constituent Marles carbide X -constituent 
(1) (2) (3) (3) (4) (5) (6) (6) 
I d I d d d I d I d I d I d 
M 7-76 
Vw 7-63 
Vs 7°24 
Ww 4:48 
WwW 4-41 
Ww 4-31 
w 4-18 
Ww 3-81 
VW 3-71 
3-605 VS 3-60 
VW 3-36 
3-326 
3:249 VW 3-251 
3-232 VW 3-23 
M 3-08 
Vw 3-02 2-975 Ss 3-003 
2-945 2-931 
VWs 2-87 
2-813 Ww 2-814 
Ww 2-57 
WwW 2-54 VW 2-54 
2-513 Ww 2-51 M 2-504 
2-482 Ww 2-482 
MS 2-37 M 2-36 2-39 
2-351 2-336 
2-307 2-305 
MW 2-21 2-208 2-207 
2-170 2-177 2-165 
VW 2-12 
MS 2-10 8S 2-084 
MS 2-06 2-072 2-079 VWs 2-075 Ss 2-077 
M 2-02 2-040 2-037 Ss 2-02 M 2-031 8 2-040 
VS 2-00 
MS 1-97 1-970 1-965 
1-952 WM 1-94 
1-933 1-932 Vw 1-907 8s 1-931 
1-895 1-902 Vw 1-896 M 1-893 M 1-899 





(1) Measured on an annealed high carbon steel. (2) K. H. Jack.'® 1-3% martensite tempered at 480°F for 5 d gave epsilon carbide reflections. 
(3) W. 8. Owen and B. G. Street. Calculated from their values of sin®@. (4) W. Leslie, B. Fisher, and N. Sen.™ Reflections from a quenched 
and aged 0-033%C and 3-25%Si iron using an electron diffraction technique. (5) G. Konoval, L. Swell, L. Gorman, and W. C. Leslie.“ Reflec- 
tions from a quenched and aged 0-065%C and 3-25%S8i iron using an X-ray diffraction technique. (6) Present investigation. 
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small specimens quenched after cooling in vacuo from 
the liquid to predetermined temperatures. 

The kinetic data relating to the stability of the car- 
bide constituents were obtained by dilatometric meas- 
urements during isothermal annealing. A dial-gauge 
quartz dilatometer capable of measuring length 
changes of 0-0001 in was used. At the highest reaction 
temperature the specimen temperature was controlled 
to within +2°C and a vacuum of about 10-4 mmHg 
was maintained. The specimen always reached the 
isothermal reaction temperature within a time which 
was appreciably less than the reaction incubation time 
at any of the temperatures studied. The dilatometric 
data were converted to percentage transformation, 
assuming that the isothermal expansion is directly 
proportional to the amount of graphite formed. 


STRUCTURE AND COMPOSITION OF THE 
CARBIDE CONSTITUENTS 


The X-ray diffraction results are assembled in Table IT. 
The d-spacings listed for each constituent are those 
remaining after ferrite and cementite lines have been 
subtracted from the pattern. The present results are 
compatible with the spacings calculated from the 
sin*@ values given in the early paper of Owen and 
Street.° When due weight is given to the more accurate 


data in the last two columns of Table II, it is clear that 
the diffraction patterns from the X-constituent, the 
Marles, and the Hurst and Riley carbide are identical. 
Thus, the three microconstituents hitherto considered 
to be three different compounds are seen to be only 
different metallographic forms of the same constituent. 
The electron diffraction and X-ray data reported by 
Leslie et al.1*, 1% bear some resemblance to the diffrac- 
tion pattern of this constituent but the match is not 
sufficiently close to warrant the conclusion that these 
are also related. It proved impossible to obtain a speci- 
men with a sufficient volume fraction of Harry carbide 
to obtain a significant diffraction pattern. 

The diffraction pattern from the three microcon- 
stituents now shown to be identical can be indexed on 
the basis of a hexagonal unit cell with a=11-7 KX, 
c=10-8 KX, and c/a=0-925. Because of the ordering 
of the interstitial atoms, it is usual to report the struc- 
ture of carbides in terms of the parameters of the metal 
lattice only. Using the conversion a=a, 4/3, this gives 
a c/a ratio of 1-60 which is close to the value of c/a for 
the close packing of spheres (1-63). The unit cells of 
many hexagonal carbide and nitride phases in alloy 
steels have a ratio close to 1-6!* although the cell size 
is usually much smaller than that reported above. 

The planimetric measurements indicated that the 
constituent other than ferrite and cementite in the 


TABLE I1—continued Comparison of d-spacings for different carbides (KX units) 








I II Ill IV \ VI Vil 
Extracted 
Marles carbide Hurst and Riley 
and constituent 
Cementite e-carbide X -constituent Marles carbide X -constituent 
(1) (2) (3) (3) (4) (5) (6) (6) 
I d I d d d I d I d I d I d 
M 1-86 1-866 1-862 M 1-865 M 1-863 
MS 1-83 
1-824 1-829 S 1-826 VW 1-831 
1-800 Ww 1-796 1-799 
M 1-76 1-773 1-777 
1-744 VVW 1-728 1-736 
1-702 M 1-700 VW 1-699 
M 1-68 1-688 1-682 WwW 1-668 1-676 
WwW 1-63 1-635 Vw 1-627 1-645 
MS _ 1-60 1-600 1-591 1-605 VW 1-596 
M 1-582 1-582 WM 1:56 Ww 1-584 1-587 
Ww 1-539 1-533 Ww 1-541 1-533 
MW 1-506 1-496 Ww 1-515 Ww 1-495 1-503 
1-472 1-475 Ww 1-47 1-477 
' 1-452 1-446 Ss 1-43 1-452 
VW 1-409 1-405 
Ww 1-403 
1-374 
VW 1-346 Ww 1-36 1-358 1-367 
VW 1-339 WM 1-34 
8S 1-326 1-320 1-329 
1-308 
1-297 1-305 
VW 1-284 1-285 1-285 
1-263 1-263 
Ww 1-255 1-248 
S 1-221 M 1-23 1-221 
8S 1-212 1-214 1-211 
VW 1-202 1-202 1-203 M 1-201 
M 1-194 
MS 1-189 1-190 1-187 
1-180 1-179 
1-170 1-170 
8 1-159 
MS 1-149 1-141 1-146 
MS 1-102 1-11 1-109 
MW 1-095 1-097 1-097 
MW 1-087 1-089 
1-081 1-076 
1-060 1-064 
1-056 
1-045 1-048 
1-041 Ww 1-04 1-040 
1-027 1-028 
1-023 
w 1-01 1-013 
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All alloys contained silico-ferrite 

Some results from an earlier investigation (Ref.9) are included 


4 Alloys in which hexagonal silico-carbide formed on slow- 
cooling 


alloys listed in Table I contains between 6 and 
8-0 wt-%Si and between 3-5 and 7-5 wt-%C. 

The residue from alloy 10 (Table I), the micro- 
structure of which is shown in Fig.l, gave a clear 
diffraction pattern identical with that of the hexagonal 
constituent. Chemical analysis showed that this 
residue contained 8-87°,Si and 6-28%C. This result is 
probably considerably more accurate than those 
obtained by quantitative metallography. 

If the silicon content is taken as 9°, and the carbon 
content as 6-5°%,, a formula of Fe,,)Si,C, can be as- 
cribed to the carbide. However, this can only be con- 
sidered as a tentative suggestion until such time as 
more extensive data are available. Nevertheless, it is 
considered that there is now sufficient evidence to 
warrant the conclusion that the constituent is an iron 
silico—carbide. The rest of this account is concerned 
only with the Marles, Hurst and Riley, or X-constitu- 
ent and since it was important to study the behaviour 
in slowly cooled alloys most of the work was done on 
the microconstituent referred to previously as the 
X-constituent. Henceforth no distinction will be made 
between the three constituents and they will all be 
described as the hexagonal silico—carbide. 


RANGE OF STABILITY OF HEXAGONAL 
SILICO-CARBIDE 

Thermal analysis and quenching experiments were 
carried out on seven alloys. The thermal arrests 
recorded on heating and cooling are listed in Table III. 
When slowly cooled to room temperature, most of the 
alloys examined contained the hexagonal silico— 
carbide and those with silicon content less than about 
7-0% also contained some cementite. The composi- 
tions which give hexagonal silico—carbide on slow 
cooling are plotted in Fig.4. 

In some alloys the hexagonal silico—carbide is 
formed at high temperatures directly from silicon- 
rich ferrite. Within the ferrite areas of the micro- 
structure of alloy 4 quenched from 1139°C (Fig.5a) 
small plates of hexagonal silico—carbide are evident 
which appear to have a habit plane related to the 
ferrite matrix. These plates are remote from the 
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6 Alloy 5 quenched from 1117°C. Etched picral x 700 


austenite areas. When hexagonal silico—carbide is pre- 
cipitated from austenite the ferrite formed is of a 
different composition from that of the matrix ferrite 
and a differential etching effect results (Fig.5c). No 
such etching effect was found around the isolated 
plates shown in Fig.5a. It is concluded that these hex- 
agonal silico—carbide plates are formed by direct pre- 
cipitation from the ferrite. The plates are not found in 
the alloy slowly cooled to room temperature. Thus, it 
appears that when sufficient time is available they re- 
dissolve at temperatures below their formation 
temperature. 

More usually, the hexagonal silico—carbide is formed 
by a eutectoid decomposition of high-silicon austenite 
as demonstrated by the microstructures formed on 
quenching alloys 4 (7-78°,Si, 0-41°,C) and 5 (5-50, Si 
0-81%,C). At 1117°C alloy 5 contains only a small 
volume fraction of ferrite in an austenite matrix 
(Fig.6). Segregation occurred in the austenite to such an 
extent that the microstructure presented the appear- 





7 Alloy 7 slowly cooled. Shows hexagonal silico-carbide and 
pearlite in the same specimen. Etched in picral and heat 
tinted < 950 
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8 Alloy 8. Quenched from 1050°C. Etched picral x 700 


ance of a cored structure. On quenching, the low silicon 
regions transformed to martensite which is surrounded 
by a dark-etching constituent. The same dark-etching 
constituent was found in alloy 4 quenched from a 
temperature just below the solidus (Fig.5a). This alloy 
also solidifies in the («+-y) field and it is reasonable to 
assume that the dark etching constituent is formed 
during the quench by the decomposition of austenite. 
The X-ray diffraction pattern of a specimen containing 
only ferrite and the dark-etching constituent gave a 
clear hexagonal silico-carbide pattern. Microscopic 
examination at high magnification showed that the 
constituent is a duplex lamella structure. When 
alloy 4 was slowly cooled to temperatures appreciably 
lower than the solidus before quenching, the structure 
became coarser (Fig.5b) and in a specimen quenched 
from 778°C the structure is clearly seen to consist of 
hexagonal silico—carbide in a ferrite matrix (Fig.5c). 
Thus it is evident that the dark-etching microcon- 
stituent obtained by quenching from high tempera- 
tures is a finely-divided silico—ferrite and hexagonal 
silico—carbide complex which is formed by the de- 
composition of austenite. 

In the low-silicon alloys the ferrite-cementite 





9 Alloy 9. Quenched from 845°C. Etched picral x 700 
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eutectoid (pearlite) forms, but in those with high sil- 
icon content the only eutectoid is the ferrite-hexagonal 
carbide complex. Over a range of silicon content both 
eutectoid reactions occur in the same alloy (Fig.7); 
even on slow cooling there is marked silicon segrega- 
tion within the austenite, the cementite eutectoid 
forming in the low and the hexagonal carbide eutec- 
toid in the high silicon regions. 

Alloy 8 (7-65%Si, 1-:01°%C) quenched from a tem- 
perature just below the eutectic arrest temperature 
contained primary austenite (shown by the dark- 
etching constituent) and ferrite containing small par- 
ticles of a second constituent (Fig.8). Although this 
second constituent was of a form which suggests that 
it might be the hexagonal silico—carbide formed by the 
eutectic reaction, it was not possible to identify it with 
certainty. However, on rapidly cooling the very high 
silicon alloys the hexagonal carbide is readily retained. 
For example, quenching alloy 9 (12-22%Si, 0-30%C) 
from just above the eutectic temperature produced the 
microstructure shown in Fig.2. The ferrite grains are 
enveloped by hexagonal silico—carbide. Quenching 
part way through the eutectic reaction produces some 
graphite ferrite eutectic (Fig.9). 

The thermal arrest temperatures (Table III) agree 
well with the ternary diagram published by Hilliard 
and Owen,'® the phase boundaries of which were 
established by thermal and microscopic study of alloys 
solidified in the metastable iron-silicon cementite sys- 
tem, although a few points relating to alloys contain- 
ing the constituent now recognized as a hexagonal 
silico—carbide were also included. However, the form 
of the diagram would not be altered if the latter points 
were omitted. The present microscopic study has 
shown that over the range of composition indicated in 
Fig.4 cementite is replaced by the hexagonal silico— 
carbide in the metastable system, except in alloys with 
less than about 7-0°,Si which at low temperatures form 
ferrite-cementite eutectoid. Since it is not feasible to 
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construct a ternary metastable diagram with two four- 
phase planes (a+y+Fe,C+liquid and «-+-y-+hex- 
agonal silico—carbide-+ liquid) consideration should be 
given to the form taken by a metastable diagram con- 
taining the hexagonal silico—carbide in place of 
cementite and relevant only in the composition range 
indicated in Fig.4. In such a diagram the carbide 
corner of the four-phase plane would have to be placed 
at some composition such as 9°,Si and 6-5°,C. Then, 
if the other corners, «, y, and liquid, are assumed to be 
unaltered, the plane would contain a re-entrant angle 
which is not permissible on thermodynamic grounds. 
The most likely explanation of this dilemma is that in 
the high-silicon alloys, in which the hexagonal silico— 
carbide forms, the ferrite and austenite phases are 
heterogeneous (as shown by the coring in Figs.5c 
and 6) and far removed from equilibrium. Thus, in this 
area of the base triangle the experimental results do 
not even represent a condition of metastable equi- 
librium and so the usual thermodynamic rules cannot 
be applied. 


DECOMPOSITION OF THE HEXAGONAL 
SILICO-CARBIDE 
The isothermal graphitization of alloys 1 and 36, 
which after slow cooling from the liquid contained 
only hexagonal silico—carbide in a ferrite matrix, was 
followed metallographically and by dilatometric 
measurements. The reaction curves were of the usual 
sigmoidal form. Flake aggregates of graphite were 
formed but these were densely packed and they 
approximated to spheres. 

Following Burke and Owen,'* the rate curves were 
analysed using the equation 

y= 1—exp —(t/K)" 
where y is the fraction graphitized in time t, K is a 
temperature dependent rate-constant and the index n 
is dependent upon the form of the nucleation and 
growth rate equations and the diffusion geometry. 
The validity of equation (1) is demonstrated by the 
plots of log log (1/1—y) against log ¢ (Fig.10). At each 
temperature two straight lines can be drawn through 


TABLE tif Thermal analysis results. Temperatures of observed arrests on heating and cooling 








Liquidus Peritectic Eutectic Solidus Eutectoid 
Alloy Composition, Cooling, Heating, Cooling, Heating, Cooling, Heating, Cooling, Heating, Cooling, Heating, 
no, %Si %C ¥ °C °c °C Cc °C °C , °C °C 
7 4-88 0-80 1359 1375 1222 1214 777 805 
5 5-50 0-81 1346 1363 1160 1234 
4 7:78 0-41 1330 1139 
6b 7-72 0-94 1281 1297 1140 1156 
s 765 1-01 1264 1272 1214 1139 1181 
8b 9-15 1-01 1220 1095 
9 12-22 0-30 1030 847 
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the data. Values of n derived from measurement of the 
slope of these plots are shown in Table IV. As is usual 
in this type of measurement, there is some scatter in 
the results but the average values are probably 
meaningful. The values are about 3-3 for the early part 
of the reaction and 2-3 for the later reaction. A de- 
crease in the index by unity part way through a reac- 
tion has been encountered in other graphitization 
reactions.'? If spherical diffusion geometry and a 
constant nucleation frequency per unit volume is 
assumed, and the radia) growth rate is of the form 


2 SERCReae Ae OC * (2) 
where b is a constant, then 
i a a (3) 


It is usual in graphitization reactions for the number 
of nuclei per unit volume to increase continuously up 
to a maximum and thereafter to decrease due to the 
re-solution of small graphite nodules when nucleation 
effectively stops. The cessation of nucleation results 
in a decrease of n by unity (equation 3). The present 
data suggest that up to about 35°, reaction the volume 
nucleation frequency is close to unity and after 35%, 
reaction effectively nil. 

The activation energies for the graphitization pro- 
cess were determined by plotting log K against 1/7’, 
where T is the absolute temperature of the isothermal 
reaction (Fig.11). K was obtained directly from the 
reaction curves, the value being the time to 63% 
transformation.!*® Overall activation energies were 
53 K cal mole~! for alloy 1 and 49K cal mole! for 


alloy 3b. Since the activation energy for diffusion of 


silicon in ferrite is 48+6K cal mole~! these figures 
suggest that if the overall reaction is growth control- 
led, silicon diffusion away from the growing graphite 
aggregate is the rate-controlling process. This is in 
contrast to the graphitization kinetics of the high- 
purity iron—carbon-silicon alloys studied by Burke 
and Owen.!* The carbide in these was cementite and 
they were reacted in the austenitic range. The activa- 
tion energy for growth was found to be 63 kcal mole? 


TABLE IV Values of the index ‘n’ for alloys no.1 and 3b 





Temperature Alloy no.1 Temperature Alloy no.3b 








900°C 5-04, 3-12 840°C 2-91, 2-32 
864°C 3-15, 2-31 810°C 3-94, 2-45 
830°C 2-88, 2-48 764°C 3-70, 1-95 
801°C 2-57, 2-05 740°C 3-18, 2-33 
765°C 2-20, 1-98 

Average 

values 3-17, 2-39 3-43, 2-26 
Overall average 3°29, 2-33 


and n was equal to 4. Burke!’ has shown that these 
values can be explained on the basis of cementite solu- 
tion being the rate-controlling process. 

Recent work by Ham!® and Burke®® has shown 
that equation (1) is only an approximate representa- 
tion of the kinetics of nucleation and growth reactions. 
It may well be that when the more sophisticated 
theory is fully developed the simple interpretation 
here placed on derived activation energies will have to 
be revised. 
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Two-stage isothermal treatment of an En26 steel 


G. T. Higgins, Ph.D. and H. J. Axon, D.Phil. 


INTRODUCTION 


THERE HAVE BEEN a number of experimental studies of 
the way in which partial isothermal reaction at one 
temperature influences the transformation of a steel at 
another temperature.!:* Such studies attempt to 
relate isothermal transformation data to the practical 
problem of austenite transformation under conditions 
of continuous cooling. For example Scheil* proposed 
that austenite transformation should commence when 
the sum of the fractional nucleation times becomes 
equal to unity. Experimentally this hypothesis has 
been found valid for the pearlite, pro-eutectoid ferrite 
and pro-eutectoid carbide ranges when considered 
individually and within restricted temperature ranges. 
However, in the case of austenite transformation on 
continuous cooling, fractional holding may occur 
within a number of transformation ranges and the 
Scheil proposal is no longer valid. 

Quite apart from practical correlation between iso- 
thermal and continuous cooling modes of transforma- 
tion, a comparison of isothermal transformation 
characteristics on direct quenching with those for an 
interrupted quench might be expected to provide 
evidence concerning changes in the chemistry of meta- 
stable austenite before actual transformation. An 
En26 steel was chosen for study, since with such 
material there is a distinct separation of the ferrite— 
pearlite and bainite reaction ranges, and also an appri- 
ciable time interval before the beginning of the ferrite 
reaction. The present work was undertaken in an 
endeavour to clarify the nature of the readjustments 
which take place in the metastable austenite prior to 
transformation and involves the holding of metastable 
austenite in the isothermal ferrite range for various 
times prior to transformation to bainite at a standard 
temperature just above the M,. Most of the work is 
concerned with times of holding at the high tempera- 
ture which are less than the incubation period at the 
high temperature, but a few results are reported which 
involve partial transformation at the high tempera- 
ture. 


Experimental 

The En26 steel was supplied by BISRA, to whom we 
wish to record our gratitude. As received, the material 
was in the form of 0-75-in dia. hot rolled rod of nominal 
composition: 0-40°%C; 0-22%Si; 0-62%Mn, 0-13%8; 
0-015%P; 2-44%Ni; 0-71%Cr; 0-61%Mo; 0-16%Cu; 
and showed a strongly banded structure. Banding was 
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SYNOPSIS 

An isothermal transformation diagram for fully homo- 
genized En26 is presented and discussed in relation to the 
behaviour in the as-received, banded, condition. The 
kinetics of the bainite reaction at 320°C have been exam- 
ined as a function of austenite pretreatment for various 
times and temperatures between A, and B, for the fully 
homogenized material. Evidence is presented for a diffu- 
sion-controlled conditioning of the austenite in this 
temperature range. A possible effect is the clustering of 
carbon atoms about the dissolved carbide-forming atoms 
Mo, Cr. 1902 





completely removed by a homogenization treatment 
of 5 d at 1235°C in vacuo. Nail-shaped dilatometer 
specimens 1-2 in long and 0-125 in gauge dia. were 
machined from the fully homogenized materia] and 
nickel plated to prevent surface decarburization dur- 
ing the austenitizing heat treatment of 14 min at 
900°C, a treatment which took all the carbides into 
solution. A conventional quenching dilatometer simi- 
lar to that described by Graham‘ was used to establish 
the kinetics of the bainite reaction, with confirmatory 
metallographic examination. The high-temperature 
reaction to ferrite and pearlite was studied metallo- 
graphically. 

Figure 1 shows the isothermal transformation dia- 
gram so obtained. It is in general agreement with the 
Isothermal Transformation Atlas of The Iron and 
Steel Institute, 1956, and the Mond Nickel Atlas, 
although the precise values vary with composition and 
experimental conditions. In particular during the 
general exploratory work for the present investigation, 
it was confirmed that the speed of quenching of the 
austenite influenced the rate of the bainite reaction. A 
slow quench into an isothermal salt bath gives a 
retarded reaction when compared with a more rapid 
quench into a metal bath. The discrepancy at 5% 
bainite is of the order 50 s at 320°C. The times 
required to attain bath temperature were 3 s for the 
metal bath and about 9 s for the salt bath. It is to be 
noted that the less vigorous quench gave a retarded 
reaction which is not explicable by the hypothesis of 
fractional nucleation during cooling. It is tentatively 
proposed that the effect arises from the different 
magnitudes of quenching stress involved in the two 
treatments, greater quenching stress acting to acceler- 
ate the bainite reaction. The isothermal] transforma- 
tion diagram of Fig.l was determined throughout 
with the aid of molten metal baths. 

Having confirmed the form of the isothermal trans- 
formation diagram, the major part of the present 
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investigation was concerned with the way in which the 
rate of the bainite reaction was altered by holding the 
metastable austenite for different times at a high 
temperature within the ferrite—pearlite temperature 
range, before allowing it to react to form bainite at 
320°C. The high-temperature heat treatment of the 
metastable austenite may conveniently be referred to 
as ‘conditioning’. Actual conditioning experiments 
took the form of austenitizing for 14 min at 900°C, 
followed by quenching to, and holding for various 
times at, a temperature of 750°, 710°, 670°, 640°, 
600°, or 520°C before quenching to 320°C, and allowing 
the bainite reaction to go to completion at that 
temperature. To achieve this, the following modifica- 
tions of experimental technique were necessary. First 
an addition of 3°,Al was made to the standard Pb- 
Sn-Bi baths at all temperatures above 600°C. This 
was necessary at minimize oxidation of the molten 
metal at these temperatures. Unfortunately, the pres- 
ence of Al in the isothermal bath was associated with a 
rapid attack of the nickel plate on the dilatometer 
specimen at temperatures above 640°C. This was 
entirely avoided by using a thicker layer of nickel 
(0-002 instead of 0-001 in) and deliberately austenitiz- 
ing under oxidizing conditions. It was found that the 
oxidized specimens quenched somewhat less rapidly 
than the unoxidized specimens, and also reacted to 
bainite less rapidly. In the conditioning experiments 
all specimens, including the ones quenched directly to 
320°C, were superficially oxidized. 


RESULTS 
Considering first experiments in which the metastable 


austenite was given a conditioning treatment wholly 
within the austenite range (i.e., without the produc- 
tion of any ferrite or pearlite) before quenching to 
320°C, the criterion examined was the time required to 
produce 5°, bainite at 320°C, measured dilatometric- 
ally. The datum line was taken as the time required to 
produce 5°, bainite in similar specimens quenched 
directly from the austenitizing temperature without 
any conditioning treatment. 

Results for conditioning at temperatures of 750°, 
710°, 670°, 640°, and 600°C are shown in Fig.2, from 
which it may be seen that, as compared with the reac- 
tion on direct quenching, conditioning at 750°C causes 
a small retardation of the bainite reaction, whereas 
conditioning at progressively lower temperatures 
causes a progressively greater acceleration. Moreover, 
at any one temperature of conditioning the effect 
increases with holding time to a steady maximum. The 
value of the maximum increases and the rate of 
approach to the maximum value decreases as the con- 
ditioning temperature is lowered. 

Steady maximum values from Fig.2 are plotted as a 
function of conditioning temperature in Fig.3, from 
which it may be seen that the effect is progressive 
within the temperature range examined. 

A similar range of experiments was conducted at 
520°C. This is a temperature at which the transforma- 
tion of the metastable austenite is very sluggish, 
neither ferrite—pearlite nor bainite forming within a 
period of 45 h. The results of conditioning experiments 
at 520°C are shown in Fig.4, from which it may be seen 
that the general pattern of events is the same as is 
shown in Fig.2, although it is doubtful if the effect has 
reached its steady maximum after 45 h at 520°C. 
Results for 520°C are consequently not included in our 
later analysis. 

All the results outlined above arise from condition- 
ing treatments which are not accompanied by the pro- 
duction of ferrite or pearlite. 

A limited amount of work was done on the effect of 
more prolonged conditioning treatments, such that 
ferrite or pearlite was produced. The results for 640° 
and 600°C are plotted in Fig.5. (The experimental 
points for holding within the austenite field have 
already been given in Fig.2 and only the points for 
longer holding times are plotted in Fig.5.) It may be 
seen from Fig.5 that the presence of ferrite or pearlite 
in the specimen is associated with a further accelera- 
tion of the 320°C bainite reaction over and above that 
produced by conditioning in the austenite field. 
Metallographic examination of partly transformed 
specimens indicated that at both temperatures the 
first isothermal product at high temperatures was 
ferrite and that bainite tended to form preferentially 
at the ferrite/austenite or pearlite/austenite interfaces. 
The maximum amount of ferrite plus pearlite trans- 
formation in the experiments reported in Fig.5 is 
about 5-8°%. 


DISCUSSION 


Figure 1 shows the isothermal transformation charac- 
teristics of fully homogenized specimens, free from 
banding, when quenched from the austenitizing 
temperature of 900°C into molten metal transforma- 
tion baths. The influence of banding on the isothermal 
characteristics of this material is reviewed in a separ- 
ate note at the end of this discussion. 
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Atsy, is the acceleration of the bainite reaction at 320°C with 
respect to a direct quench; negative values denote a retardation 
after conditioning 


2 Variation of Atsy with conditioning time for a series of 
temperatures 


For specimens quenched directly from the austen- 
itizing temperature the time required for reaction to 
5%, bainite at 320°C is 280+-10 s. This value for the 
direct quench is taken as the datum line in Fig.?2, 
where deviations from this value (4tso,) are plotted as 
a function of time and temperature of conditioning in 
the metastable austenite range. Two distinct effects 
are likely to arise from the interrupted quench which 
are not present in the direct quench and which may 
influence the kinetics of the bainite reaction at 320°C; 
first, there is the effect of any atomic rearrangement of 
the metastable austenite produced by isothermal 
holding; second, there is the possibility that quenching 
stresses at 320°C are greater for the direct than for the 
interrupted quench. The present work does not allow 
a separation of the two effects, except to show that a 
less severe quench is associated with a delay and 
retardation of the bainite reaction. It is necessary to 
remember this when considering Figs.2 and 3. 

In Fig.2 it may be seen that interrupted quenching 
gives an acceleration of the bainite reaction, when 
compared with a direct quench, for conditioning 
temperatures of 710°, 670°, 640°, and 600°C, but gives 
a retardation on conditioning at 750°C. The maximum 
steady value of the acceleration increases progressively 
as the conditioning temperature is lowered (Fig.3), 
while the rate of approach to the steady maximum 
decreases (Fig.2). Within the temperature range 710- 
600°C, the rate of approach to the steady maximum 
varies exponentially with temperature and leads to an 
activation energy of about 36000 cal/mole for the con- 
ditioning process. The results are of a form which 
suggests that some diffusion process within the meta- 
stable austenite is responsible for the conditioning 
effect, and the activation energy suggests that the 
diffusion of interstitial carbon in austenite is a possible 
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3 The limiting value of Atsy, as a function of conditioning 
temperature 


mechanism.® A model for the conditioning effect might 
be developed along the following lines: the nucleus for 
bainite formation is usually taken to be a carbon-free 
area so far as the lattice transformation of the iron is 
concerned, although the precipitation of carbide pre- 
supposes the presence of carbon-rich nuclei also.® 
Carbon-rich and carbon-poor areas are present in the 
stable austenite to an extent which varies with tem- 
perature, and the incubation period for bainite forma- 
tion from the metastable austenite may be taken as a 
measure of the rate at which quenched-in embryos are 
promoted to the status of stable nuclei at that tem- 
perature. The diffusion-controlled conditioning process 
is thus thought of as a grouping of carbon atoms at 
localized regions in the austenite giving rise to more 
carbon-rich areas, and consequently more carbon-free 
areas which will act as bainite nuclei at a lower tem- 
perature. The sites to which carbon atoms migrate in 
the metastable austenite may be provided by the 
carbide-forming alloy elements Mn, Cr, Mo. Segrega- 
tion of this nature has been suggested by Ko and 
Cottrell and, with particular reference to changes pre- 
ceding the nucleation of pearlite, by Mehl and Hult- 
gren. Furthermore there is considerable evidence 
supporting a clustering mechanism from the reduced 
thermodynamic activity of carbon in the presence of 
these elements in both austenite’ and liquid iron.*.® 
The segregation of carbon atoms is not the only 
operative effect in the present experiments. This is 
suggested by the fact that the bainite reaction at 
320°C suffers a retardation after conditioning at 750°C. 
The effect of quenching stresses on the bainite reaction 
has already been noted and in discussing Fig.3, it may 
be reasonable to propose that two factors are at work: 
on the one hand, a chemical conditioning effect, which 
becomes increasingly effective as the conditioning 
temperature is lowered, gives rise to an acceleration of 
the bainite reaction and probably arises from carbon 
clustering within the metastable austenite; on the 
other hand, there is an opposing quenching stress 
effect of unknown magnitude which gives rise to a 
retardation of the bainite reaction when compared to 
the conditions of direct quench. The discrepancy 
between the stress operating at 320°C after the direct 
quench and that operating after the interrupted 
quench probably increases as the conditioning tem- 
perature is lowered, but in the present experiments the 
carbon clustering is predominant at temperatures 
below about 730°C. The two effects cannot be separ- 
ated in the present experiments but it is clear that the 








eee 












































ioning 


night 
is for 
1-free 
on is 
» pre- 
also.® 
n the 
tem- 
rma- 
lasa 
8 are 
tem- 
‘Ocess 
ns at 
more 
1-free 
tem- 
ite in 
y the 
Trega- 
» and 
; pre- 
Hult- 
lence 
luced 
ice of 
8,9 
only 
his is 
yn at 
50°C. 
ction 
/may 
work: 
which 
oning 
ion of 
arbon 
n the 
stress 
to a 
ed to 
ancy 
lirect 
upted 
tem- 
ts the 
tures 
epar- 
at the 














Cc. 

= 2000} 

O 

a4 | 

a. | | 

UO j« 

_ 

> 

<_ 

O 

= 

Oo 

ro | 

ae . j 

rw) 1UUUPr | 

| 

| } 
| 








sop 


4 Variation of Atso, with conditioning time at 520°C 


magnitude of the clustering effect varies more rapidly 
with temperature than does the stress effect. 

The results of Fig.2 demand a drastic modification 
of any fractional nucleation theory if it is to be applied 
to material of this type, for there is no direct correla- 
tion between the conditioning effects and the iso- 
thermal transformation kinetics at the temperatures in 
question. 

The additional acceleration of the bainite reaction in 
the presence of isothermally formed ferrite or pearlite, 
as shown in Fig.5, appears from metallographic 
evidence to be due to the relatively trivial effect of 
nucleation at an austenite /ferrite interface. 


Effect of banding on the isothermal characteristics of 
En26 All the results quoted above are for fully 
homogenized material, free from banding. A detailed 
examination of the transformation characteristics has 
been made for the same material under identical ex- 
perimental conditions but without removal of banding. 
The results for the banded material differ in the follow- 
ing respects from Fig.1. The M, temperature is 290°C 
for the fully homogeneous, as compared with 302°C 
for the banded structure. The B, temperature appears 
unaffected by banding although the spread B,—B, is 
slightly greater in the banded material. 
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& Variation of Sts, with longer times of conditioning at 600° 
and 640°C 


As measured by the time for 5°, reaction to bainite 
the fully homogenized material is more sluggish, 
although banding appears to have little effect on the 
time for reaction to 90%, bainite. In the fully homogen- 
ized material the start line for the decomposition of 
austenite to bainite falls smoothly from 400°C to the 
M, temperature, below which there is a marked 
acceleration of the early stages of bainite formation. 
By contrast, in the case of banded material the acceler- ) 
ation of the bainite reaction, visible in Fig.1 at 
temperatures below the M, extends well above the M, 
and is observable at so high a temperature as 340°C. 

These effects may be explained in terms of premature 
nucleation of bainite and martensite in the carbon-poor 
zones of the banded structure. 
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Structural design by computer 


L. Morgan and W. M. P. Hutson, B.Sc. 


INTRODUCTION 


ONLY FOUR YEARS have elapsed since the British Iron 
and Steel Industry acquired its first electronic digital 
computer. Today it has seven, employed mainly on 
research, production control, and accounting. Broadly, 
the theme of them all is economics, including the 
structural design on which one of them is engaged, and 
which forms the subject of this paper. It is a little over 
three years since the general manager of the United 
Steel Structural Co. invited the operational research 
and cybernetics department of United Steels to col- 
laborate with his own staff and investigate the possi- 
bilities of using a computer to advantage in the 
structural field. 

No doubt there are many structural organizations 
who have considered, or perhaps still are considering, 
using a computer on similar lines. If this paper can 
help them to make a decision on this point, so much 
the better. In this paper, the general details of the 
work done are given, and it is left to the reader to 
decide whether it was, or will be, ‘economical’. On a 
short-term basis, pioneering is seldom a paying propo- 
sition, a hypothesis easily proved in the case of com- 
puter programming. It could be argued that United 
Steels are not pioneering, because computers have 
been used on structural problems for six or seven years. 
This is mentioned only to draw attention to the differ- 
ences between academic analysis concerned with basic 
structural theory, and practical design, which is the 
commercial application of this theory. United Steels 
are concerned with the latter aspect, on which some 
work has been done in the USA.! Much has already 
been written in the form of articles and programs with 
respect to analysis. The first computers were installed 
in universities, notably Manchester and Cambridge, 
and the first programmers were mathematicians 
skilled in numerical analysis. United Steels owe a great 
deal to one of these as will be shown later when the 
frame program is discussed. 

The analysis program is concerned with the distribu- 
tion of forces within a redundant structure. The author 
of such a program uses as data a statement of the 
geometry, the applied loads, and the sizes of the 
component members. His problem is solved when he 
has produced the resulting internal forces within these 
members, disregarding their ability to accept the 
forces. The programmer is, therefore, not involved in 
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SYNOPSIS 

A historical survey of the work done by the United Steel 
Companies is discussed under the main headings of the 
programs used. Comparisons between design and analyt- 
ical programs are made. 1957 





any specific code of practice or building specification, 
and his program has the widest range of application, 
as it could be made to work equally well in steel, 
concrete, aluminium, or wood. To use such a program, 
a designer in any one of these materials must first 
guess the ultimate size of the members, and finally 
check that the resulting forces do not overstress these 
members, according to his code of practice. Should the 
checks fail, the designer, guided by the results, tries 
again with certain alterations to his sizes. The number 
of iterations required depends upon his skill in making 
the selections. This ‘guess and check’ approach has 
been in vogue since structural engineers first learnt to 
analyse, and it is even used in the selection of static- 
ally determinate beams. From the designer’s point of 
view, the advent of the computer means that he is 
relieved of the arithmetic, but otherwise there is no 
change. However, owing to the speed of a computer, 
he has more scope. He can tackle larger structures 
than before without making sweeping simplifying 
assumptions, or he can investigate the normal size 
more thoroughly in a given time. 

The methods of analysis by computer may differ 
radically from those employed by designers. When 
this occurs, it is because manual calculations can often 
be shortened by intelligent discrimination. Such 
methods are difficult to mechanize efficiently, and 
indeed may not be possible, therefore others must be 
found that are better suited to the computer. 

The design program goes further than this. The 
sizes of members are not required in the initial data. 
They form part of the results. The computer selects 
and checks, and prints only the last iteration. Replac- 
ing the sizes of members to be used therefore, is a list 
of sections from which to choose (the section book) and 
a set of rules to direct the machine in its choice (the 
specification). One degree of generality has now been 
removed; the program will now design only in, say, 
steel. If costs, fabrication details, alternative methods 
of construction, steel availability, etc. are required, 
further degrees of generality are removed, and in the 
limit, the program becomes special to the require- 
ments of a particular firm. 
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RIGID JOINTED PLANE FRAMES 

For various reasons, United Steels have not yet at- 
tempted to write a design program for this type of 
structure. The program used is the ‘Pegasus’ version of 
Dr Livesley’s method originally programmed for 
EDSAC 11.? The program is in general use throughout 
the UK, and is the basis of many other similar pro- 
grams.* The structural profession owes much to this 
pioneer of automatic computation. 

When first acquired, some difficulty was experienced 
in using the program. This was largely due to mis- 
understanding its specification for writing the input 
data. However, personal contact with the author of 
the ‘Pegasus’ version, Mr Rooney, late of Babcock and 
Wilcox, cleared most of these troubles. A program 
with general application cannot be expected to suit 
every user and adjustments can sometimes be made. 
So it was that a short interpretive program was 
written which accepted the data in a condensed form. 
The output from this routine was the same data laid 
out in the prescribed manner, demanded by the main 
program. The translation was fast, so little was lost in 
the overall running time, and this approach avoided 
altering the main program thereby inadvertently 
upsetting its operation. The revised data was much 
shorter than the original and therefore involved fewer 
characters. This was all to the good as communications 
between Scunthorpe and Sheffield were at that time by 
teleprinter in Post Office code. The transmission was 
faster, and the possibility of error was reduced. 

This arrangement is a temporary one; a totally 
revised input is in the course of preparation. At pres- 
ent, a great deal of manual calculation is often re- 
quired before a problem can be put to the computer; 
the reason being that the program was written to ac- 
cept loads only at joints, and in a direction parallel to 
one of the reference axes for the frame dimensions. Ifa 
uniformly distributed load is applied to a member, it 
must be converted to an equivalent loading applied at 
the joints. When the load happens to be due to wind, 
and the member a sloping rafter, resolution of the 
equivalent joint loads is also required. Conversion of 
the results back to the original loading must be carried 
out before they can be fully interpreted. Further, 
because great effort was made to deprive the computer 
of the mid-span loading, it is not in a position to give 
results at any position other than the joints. Hence 
there is still much for the designer to do which could, 
and will, be taken over by the revised program. Despite 
these shortcomings, the program has proved invalu- 
able on many occasions. Over the past two years it has 
averaged one job per week, which implies approxi- 
mately three different loading cases, and perhaps as 
many iterations. 


FLOOR PROGRAM: 

Design programs have been accomplished in terms of 
statically determinant structures. This is sometimes 
thought to be a mundane application for a computer, 
because the mathematics involved are simple. The 
handling of a problem like a grid of floor beams within 
the computer is far from simple, and how this was ac- 
complished will now be related. 

When it had been decided that a floor design pro- 
gram should be written, the programmers at Sheffield 
were provided with two documents. One was a pam- 
phlet entitled ‘Determination of most economical 
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section for beams’ and the other was a plan of a 
‘typical’ floor structure together with the working 
sheets of the designer. 

It was decided that a method should be devised of 
describing such a floor plan in numerical terms which 
could be used as input data for the proposed program. 

It was observed that a rectangular but irregularly 
spaced grid could be superimposed on the plan pro- 
vided, so that there was a gridline intersection at every 
point of interest. All but one of the beams comprising 
the typical floor coincided with gridlines and it was 
arranged that the exceptions should be diagonal to 
the grid. 

By giving the gridlines numbers, it was then 
possible to describe, for example, the beginnings and 
ends of beams, the positions of concentrated loads and 
the periphery of areas under particular distributed 
loads, in terms of pairs of coordinates, one for the 
(conventionally) north-south grid line and one for the 
east-west gridline. Actual lengths could always be 
reconstituted by reference to an accompanying list of 
the distances of the gridlines from an origin of co- 
ordinates. 

The input part of the program translated the pairs 
of coordinates found in the data into addresses of 
blocks of storage space in the ‘memory’ of the com- 
puter. These blocks were arranged in relation to one 
another so that they exactly mirrored the original grid 
superimposed on the floor-plan. By this means, those 
actions of the program which involved the geometry of 
the floor, such as converting the area loads into line 
loads on specific beams, or the assembly of loading 
details about designing a beam, or the transfer of the 
reactions from such a beam once designed to its points 
of support, could be carried out in a logical and con- 
venient manner. 

The design process was, as has been indicated 
earlier, simply the choice of the most economical sec- 
tion from a given list of I-sections provided for the 
program. From the length of the beam and the magni- 
tude and positions of the loads supported by it, certain 
parameters were calculated to be compared with 
similar numbers listed against each I-section. At each 
comparison the effect of the self weight of the current 
section was taken into consideration. The program 
considered each I-section in turn until a satisfactory 
one was found, and as they were listed in weight order 
the lightest possible was chosen. 

The loads on the typical floor were all positive and 
all the beams were supported at their ends so no effort 
was made to store more than one figure for the various 
loads. It was indicated that area loads had to be ex- 
pressible as a sum of dead load plus super load so that, 
after finding the sections for all the beams in the floor, 
the program should proceed to recalculate the reac- 
tions of beam upon beam and beam upon column (that 
is the vertical members supporting the floor) with only 
the dead load present. This was effected not by keep- 
ing both loading figures in the computer simultane- 
ously but by replacing one by the other at the proper 
time. 

When the program had been written and put to 
work, the limitations of storage capacity in the com- 
puter had their effect. Most floors needed a much 
larger grid than that superimposed on the typical 
floor and larger indeed than could be contained on the 
‘Pegasus’ drum. 
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To use the program at all, the floors had to be divided 
into sectors each small enough to be designed on the 
computer, thus necessitating the transfer of reactions 
from one sector to the next, the extraction from the 
earlier results having to be carried out manually. It 
was found, furthermore, that area loads on the per- 
ipheries of sectors are also most conveniently con- 
verted to line loads by the designer. 

The responsibility for preparing the input data des- 
cribing each floor was transferred bit by bit from the 
computer staff to the design office in Scunthorpe. At 
first the designers brought floor plans to the pro- 
grammers and the extraction of the data was a com- 
bined effort, then the designers began to extract the 
data for themselves and send it to Sheffield, so that the 
programming staff could prepare the data tapes on 
teleprinters, and finally the designers began to prepare 
their own tapes. 

It became very clear, because of the number of 
corrections that had to be made to these data tapes, 
that the designers needed a handbook, for extracting 
the data, for interpreting the results, and for under- 
standing the scope and limitations of the floor design 
program as written. The writing of this handbook was 
undertaken mainly by the programmer who had com- 
posed the ‘design’ part of the program, but to assist 
the exposition, special data sheets were prepared by 
the structural company. 

From that time, all floor data extraction has been 
made on to these sheets which were sent to Sheffield, 
together with the data tapes and their print-outs. It 
was found unnecessary to continue enclosing the 
sheets, and now that transmission by teleprinter of the 
actual data tapes is common practice, the results of a 
design run have usually already been received by the 
design office before the confirmatory print-out of the 
data tape arrives by post at Sheffield. 

As soon as the floor design handbook had been 
written, the principles of design on which the program 
was based were considerably changed by the publica- 
tion of the new ‘British standard for use of steel in 
buildings’ (BS.449/1959). In particular the new 
universal range of sections required two different 
design criteria to be applied depending upon the ratio 
of depth to flange thickness D/t. In addition to the 
alterations to the floor program necessitated by these 
changes, the opportunity was taken at this time to 
make other small revisions within the program, so the 
addenda to the handbook proved rather extensive. 

The floor program as described was never thought 
to be the last work on the subject. In fact, almost 
before it was ever used, the designers made the 
suggestion that it should be extended to design beams 
not supported at their ends, i.e. cantilevers. This was 
agreed by the authors of the program. However, the 
programmers quickly learnt that to design a canti- 
lever, both the lightest and heaviest loads on each part 
of the beam must be available, and furthermore, as 
soon as a cantilever is included in a floor, it is quite 
likely to give rise to a negative reaction. 

Such innovations could only be accommodated by a 
total revision of the whole program. 

The extension to cantilevers and floors with nega- 
tive loads is still in the future, though a lot of work has 
been done on the ‘design’ part of the program. It was 
just as well that a cantilever was not included in the 
original ‘typical’ floor, as the logic of design of a beam 
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that might bend upwards or downwards to a greater 
or lesser extent depending on circumstances is of such 
complexity that it would have necessitated a much 
longer program and correspondingly would have led 
to a much delayed completion date. 

Another very desirable attribute of a future floor 
design program which has received some attention in 
the last two years, would be the ability to deal with 
runway loads. It took some while for the program- 
mers to understand that a runway might be slung 
under just any arrangement of floor beams and that 
the procedure for dealing with such a load must be 
very general. Several solutions were considered, but 
they all either took too long or took up too much space. 
It is hoped that with the advent of magnetic tape this 
extension to computer floor design will prove prac- 
ticable. 

Another advance made possible by the provision of 
unlimited storage capacity is the automatic design of 
whole buildings where the reactions calculated during 
the design of a floor are handed on to be used by a 
column designing routine. The most important fact to 
be borne in mind when considering the complications 
of such an advance is that to make such an extension 
worth while, all the beams in a floor must be given by 
the floor design program, and be acceptable to the 
designer. At present a designer will often reject a sec- 
tion mentioned in the results of a floor design run, or 
he may have to choose between two, or if no section in 
the provided list is adequate, he may have to design a 
compound section manually, using the figures pro- 
vided by a program to guide him. The future floor pro- 
gram which can be fed with sufficient information to 
make unnecessary the designer’s intervention subse- 
quent to the preparation of a data tape is likely to take 
up quite a lot of that unlimited storage space! 

It will be appreciated that there is still much to do in 
respect of simple floor beam design. Nevertheless, 
much useful work has been done with the present pro- 
gram. When large areas of floors have to be designed 
quickly, it is invaluable. Estimates have been pre- 
pared, which, in the same amount of time, would have 
been guesses without it. Over two years the turbine 
floor of a large atomic power station was redesigned 
five times by ‘Pegasus’. The origina! design was made 
before the floor program was written, and by manual 
methods took three man-months to complete. The 
computer became available before the first major 
revision was received, and this time it took three man- 
weeks. At the fifth revision, the designer was familiar 
with the procedure and took about three man-days, 
but only the detailed revision of small areas was 
involved. Most of the designer’s time was spent in 
searching for differences in drawings. Most of the time 
spent is in compiling input data and as far as ‘Pegasus’ 
is concerned, the original three man-months meant 
3} h running time. 


AUTOCODE PROGRAMS 
A great deal of useful work has been carried out 
through the medium of Autocode, which is a simplified 
system of programming. Apart from its direct applica- 
tion, Autocode has proved an excellent common 
language in which the engineer and mathematician 
can correspond. 

The first use made of Autocode was in December 
1958. On that occasion it was used by programmers at 
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Sheffield on the structural company’s behalf, before 
the engineers of the latter organization had been intro- 
duced to the system. 

It was required to find the moment of inertia of a 
series of bulb flats, in combination with various widths 
and thicknesses of plate welded to the end of the flat, 
so that the combined section formed a T. 

The permutation of different arrangements totalled 
525 and as the section was asymmetric, the manual 
computation of such a number, together with the 
necessary check, was a formidable task, and beyond 
the capacity of the structural company’s designers to 
meet in the time available. It took only a few hours for 
the company to set down their requirements, to deduce 
a general expression for the moment of inertia in 
terms of the independent variables, and to state the 
range of these variables as data. The programmer 
required a week to write and prove his program, at the 
end of which time the results were in the company’s 
hands. The print-out was in tabular form and listed 
the area, weight, inertia, two bending moduli, and the 
position of the centroid. 

In the summer of 1959, the structural company was 
engaged on the design of a football stand with a 
cantilever roof of 94 ft. The main frames, set at 20-ft 
centres, were of welded construction and formed from 
plate suitably tapered. The frames had four loading 
surfaces: the roof, the stepping beam raker, the rear 
leg (wind), and a horizontal member between the front 
and rear legs beneath the stepping raker to carry a 
floor. All these surfaces could be loaded in a number of 
ways quite independently of each other. For instance, 
the roof, stepping raker, and floor might or might not 
have super load present, thus producing eight different 
loading combinations. The wind might be blowing from 
east or west or not at all, producing 24 combinations. 
The front leg supported one end of a lower stepping 
beam in front of the main frame. The reaction between 
them had two variants, thus making a grand total of 
48 different loading combinations to be considered. 
The necessary analysis was to be carried out on the 
computer using a frame program, but owing to the 
number of joints and members involved this number 
of cases would be a lengthy task even for a computer. 
Further, the designer would be faced with a large 
amount of sorting and searching for maxima among 
the results and a number of iterations would be 
required to produce an economic solution. 

To reduce the load on both man and machine, the 
principle of super position was used. This involved the 
frame program with only six runs with unit loads 
applied one at a time. An Autocode program was then 
prepared which used these six output tapes as input 
data. It factored and added the results to produce the 
48 loading cases, compared the results for each mem- 
ber and printed out the maxima along with the loading 
conditions producing them. The Autocode program 
was developed in a few days and represented a con- 
siderable saving in all-round time. 

It invariably happens in structural design that 
amendments to fundamental data are made after the 
completion of a scheme, necessitating a certain amount 
of recalculation. The stand was no exception; civil 
engineering difficulties demanded that the base for the 
front leg be lowered by 3 ft. This meant that a com- 
plete check of the design was necessary, which, if 
carried out manually, would have required much time 
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and effort. But in this case the alteration of one num- 
ber on a data tape and a re-run were requested by 
telephone and the revised results were delivered by 
post the next day. It must not be assumed, however, 
that subsequent modification to the design of a struc- 
ture can always be affected as easily as this, but the 
example does spotlight the power of the computer 
when recalculation is necessary. The Autocode pro- 
gram used for summarizing the loading cases was 
specially written for the job. This was the quickest 
way of dealing with the situation at the time, but it 
meant that the program was useless for any other 
similar job. However, the principle had proved so 
successful that a general program was written which 
was more flexible in the number of members and load- 
ing combinations that could be dealt with. 

The revised edition of BS.449 was published in the 
summer of 1959. Its introduction was a blow to the 
floor program and to much tabular data used in the 
design office. However, it stimulated the use of Auto- 
code not only in Sheffield, but also in Scunthorpe, 
where the engineers began amateur programming. In 
Sheffield it was used as a quick method of developing 
a new approach to the revised stability criteria for 
bending in beams. 

After the engineers had digested the Pegasus Auto- 
code Manual, one of the first programs they attempted 
concerned the revised figures for the permissible 
stresses on struts. The new BS.449 retained the basic 
formula for this computation, but owing to a revision 
in the yield stresses of the various steels recalculation 
was necessary. Some tabulated figures were available 
in the new specification, but at insufficiently close 
intervals to be of practical use, so the formula quoted 
in the specification was programmed to produce the 
intermediate figures. Besides providing useful results, 
these exercises were an admirable introduction to pro- 
gramming because of their relative simplicity. They 
also served to deepen the engineers’ understanding of 
the way a computer works. 

At about this time, Messrs Dorman Long placed the 
‘Universal’ series of beams on the market. The struc- 
tural company considered the possibility of castellat- 
ing them, thus increasing the range of ‘Castella’ beams. 
The design department was therefore called upon to 
calculate a whole new range of sectional constants and 
properties. Many short programs were written to pro- 
duce the required figures, and a good cross check was 
afforded by recalculating the British Standard range of 
‘Castellas’, which had been calculated manually some 
years previously, using the same program. There was 
close agreement. The coincidence of the new specifica- 
tion with the marketing of universal Castellas provided 
an excellent opportunity to reconsider the whole field 
of sectional properties; much new data was produced 
that had not been considered before, such as plastic 
constants, and bending moduli through sections con- 
taining various arrangements of flange drillings. 

Perhaps one of the tables produced is worth special 
mention as the program was devised to generate its 
own data. The subject was ‘angles in tension’, and 
formulae were given in the revised specification which 
differed from anything used previously. The basic 
expression was quite simple and depended upon the 
effective area of the angle. The gross area of the attached 
leg was reduced by the presence of rivet holes, and 
that of the outstanding leg to allow for eccentricity of 
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connexion. The rule governing the latter not only 
varied according to the ratio of the leg lengths, but 
also according to whether the tie was a single angle, or 
double angles with gusset between them or with gusset 
across the backs. Superimposed on these variations 
were those due to thickness of material, size, and 
number of holes. To list the data for all the possible 
permutations would have been half way to working 
the problem manually. Rules were therefore devised 


to relate the size of the shortest leg to the range of 


combined leg lengths; thicknesses, and the size and 
number of holes, were related to the length of the 
attached leg. Thus with a minimum number of figures 
given as data the program generated its own permuta- 
tion, The results were available to the design office 
12 months before the revised safe load tables convey- 
ing similar information were published. 

It is to be hoped that this short account of the writ- 
ing of Autocode programs does not lead to the conclu- 
sion that they were simple to produce; some required a 
great deal of labour. Being 40 miles from the computer 
the engineers had to take more care than if the 
machine had been at hand. Despite this, however, only 
four of the first 13 ‘amateur’ programs worked first 
time. With the remainder much assistance and pertin- 
ent information as to how and where the program 
failed was given by the programmers at Sheffield, and 
no program failed more than twice. 


COLUMN DESIGN PROGRAM 

The fourteenth Autocode to be attempted was column 
design, which was quite different from, and more com- 
plex than, any of its predecessors. Being a natural 
sequel to the floor program, it had been suggested for 
some time; long enough, in fact, for the designers to 
have written a provisional specification and to have 
formulated an approach to it. The original intention 
was that the program be written in machine orders by 
the programmers but the job had not started at Shef- 
field when the designers were short of tables to pro- 
duce, and they made a successful start in Autocode. 
After five major extensions, and perhaps as many 
months, the program had reached a useful state, and 
for a limited field of application, could be termed 
operational. It took a further five months and ten 
revisions before it was fully developed. During this 
period, the programmers had given every assistance in 
proving the various ‘marks’ of Autocode 14 but apart 
from a few orders to produce side headings in the 
answers, no machine orders appeared in the program 
until the job was nearly complete, and trouble was 
encountered with storage capacity. In order to com- 
plete the job it was necessary to convert many of the 
Autocode instructions into space-conserving machine 
orders. Now that the job is completed and proved, the 
column program together with the Autocode scheme 
have been assembled into one binary tape, the ultimate 
form of all programs in frequent use. 

Some details of the column program will indicate its 
scope. It is written to design the single shaft column 
encountered in the multi-storey office block. For each 
floor level, provision is made to receive the following 
data: four dead loads (one for each face), four super 
loads, two applied bending moments (other than pro- 
duced by normal beam eccentricity), three lengths 
(actual, effective on x axis, effective on y axis), two 
dimensions (minimum depth and width requirements 
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of shaft), and three wind loads (axial and BM above 
and below the level). The design may be in plain steel, 
concrete encased steel, or both, and the steel may be 
to BS.15, 548, or 968. The levels at which splices are 
required may be specified and any number of these 
joint arrangements may be stated. For the first solu- 
tion, however, the computer has a ‘free choice’ and 
will discount the joint positions. The sections chosen 
may be different for each storey, but this result indi- 
cates minimum steel requirements. For subsequent 
joint arrangement cases, the program ensures that the 
same section is chosen for all lengths between splices. 

The first process is to determine the design load for 
each length (less self weight) which is the accumulative 
dead load plus a function of the accumulative super 
load. Starting at the top of the column, the lightest 
section consistent with minimum requirements of 
dimensions is selected for trial, the self weight is added 
to the design load, and beam eccentricities under full 
load are deduced. The trial section is checked for 
stresses at the top of the length. If found inadequate 
the section is increased and the process repeated until 
all criteria are satisfied under ‘no wind’ conditions. 
The trial section is still only provisional. It cannot be 
cleared until conditions at the bottom of the length 
have been checked, which cannot be done until a pro- 
visional section has been selected for the length under, 
and a distribution of bending moment at the common 
level has been made. This gives a clue to the basic 
mode of operation. Before the section is cleared a check 
is made with the super load at the top of a length 
reduced to produce the maximum eccentricity on each 
axis in turn, and both together. Having worked its 
way to the base of the column, the result is printed; 
if wind loads have been entered, they are now included, 
the permissible stresses are adjusted, and the sections 
chosen without wind are rechecked, being increased if 
necessary. This process is repeated for as many joint 
arrangements and types of column (steel or encased) as 
have been called for, after which the program tackles 
the next column. At the time of writing section data 
tapes are available for British Standard sections and 
universal column sections. The capacity of the mach- 
ine is such that it will accept a column of 18 storeys and 
28 different column sections. 

The sections are selected in price order which means 
that their physical dimensions are out of order. Conse- 
quently it is necessary to by-pass any section which 
has dimensions smaller than those of the one it sup- 
ports. It is necessary to check this condition only at 
levels where a splice is located, since at all other levels 
the size will be the same above and below it. 

A binary program tape has been prepared which 
includes the required Autocode translation program. 
The program tape requires over 2 min to be read. 
Computing time depends upon the number of storeys 
and the number of cases called for, but for a nine- 
storey column with three splices the following times 
were recorded. 


Free Preselected 
choice joint case 
min s min 8s 
Design in steel (no wind) 1 41 2 56 
wind check 2 24 3 9 
Design in cased steel (no wind) 1 40 3 18 
wind check 3 25 6 50 











ve 
el, 
be 
ire 
ase 
lu- 
nd 
en 
di- 
ant 
the 
es. 
for 
ive 
per 
est 
of 
led 
full 
for 
ate 
ntil 
ms. 
be 
gth 
ro- 
ler, 
non 
ASIC 


eck 








8 
Input of program tape 2 12 
Reading section data tape 0 22 
Reading column data tape and 

assessing design loads 0 35 
Printing results (each) 0 37 


Output is in tabular form, and for each storey length 
the section chosen, its self weight, and design load are 
listed. Other results are in terms of stress ratios, i.e. 
actual stress/permissible stress, and for both the top 
and the bottom of each length, the axial bending, on 
x axis, on y axis, and total, is given. At the end 
of the table, the total weight of steel and of con- 
crete (if any) is printed. The results in the table are 
those obtained under full load, since this is the con- 
dition that normally controls. However, if a higher 
figure was produced under a super load eccentricity 
check, this figure would also be printed with suitable 
characters to identify where and how it occurred. 


BRIDGE GIRDER PROGRAM 


Another useful program that has been developed by 
the engineers is the ‘bridge girder program’. Although 
in need of refinement it has been used operationally 
several times. In its present form, it is the generalized 
combination of three ad hoc programs, which were 
written very quickly to meet a specific situation where 
time was at a premium. It is not a design program, in 
that sizes of material are included in the results. The 
input is the shape, the size of the component pieces, 
and the position of the supports. The output contains 
the self weight, position of centroid, and reactions. At 
stipulated stations the moment of inertia, bending 
moduli, offset to the outline for setting out purposes, 
shear, bending moment, and deflection due to self 
weight are given. Partial distributed loads may be 
entered to allow for the weight of material not con- 
tributing to the strength. 

The outline of the girder may be any geometrical 
shape capable of expression mathematically between 
limits. Thus Autocode instructions defining the shape 
of the top and bottom flanges are entered on the data 
tape. To do this as many equations as are necessary 
may be used, and the limits of those for the top flange 
need not coincide with those for the bottom. Two 
points of support may be placed anywhere along the 
length, and if no supports are entered on the tape, the 
program will interpret the data as a pure cantilever 
with its tip at the datum end. 

The method employed is first to determine the shear 
force at stations, from the applied load. From these 
are determined the reactions, which are then used to 
modify the shear force for the final shear diagram. 
After integrating, the bending moment is divided by 
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the inertia, and two further integrations produce the 
deflection. Integration is by Simpson’s rule, and the 
number of stations at which calculations are made is 
under the control of the designer, who states the num- 
ber to be used over various portions of the length in the 
data. 


CONCLUSIONS 


An interesting proposition for debate would be: 
‘Theoretically, for stereotyped structures the only 
limit to a design program is the shop floor, where the 
production control program would take over.’ At 
present there are many problems to solve before this 
could be achieved and so effect complete automation. 

During the three years that United Steels have used 
a computer it has been shown that the results should 
not be taken for granted. They have often been in- 
correct, but never because of the computer. Occasion- 
ally it has been a program error, but most frequently 
the error was in the data tape. Consequently, the com- 
puter requires supervision, if only to check that the 
answers are sensible. If this evidence is accepted in the 
argument then the best solution is for each party to do 
that for which he is best suited, the man to give the 
orders, and for the machine to obey them. The only 
issue now is the frequency at which the machine 
should give an account of its stewardship. It is not 
possible to discuss the matter further in general terms 
as the detail of the particular problem now becomes a 
major factor. 

There is a certain amount of apprehension among 
the younger engineers, who see in the computer a com- 
petitor for their jobs, one that is likely to reduce them 
to ‘data compilers’, This fear is quite natural, and no 
different from that aroused in craftsmen when a 
machine was installed to take over their work. In this 
instance the designers are on firmer ground. The only 
part of their task which they are in danger of losing is 
slide-rule manipulation. Designers of the highest 
calibre are required to work with a computer, for they 
must be able to interpret answers without having done 
the calculations, and this can be difficult. There will 
always be the ‘one-off’ job, for which there is no 
program. 
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A feasibility study in the mechanization of a 
clerical procedure in a large steel company 


using a computer 


C. Li. Hopkins and M. E. Court 


INTRODUCTION 


THERE IS ALWAYS a great danger with undertakings of 
this sort that, because of the prevalent and to some 
extent natural desire to follow fashion, the result will 
be a recommendation to mechanize at all costs. This 
emphasizes the need for a lengthy and thorough 
feasibility study into any given procedure and wher- 
ever possible the proving of a recommended mechan- 
ization program before the necessary action is taken to 
change from a clerical to a mechanized procedure. It 
was with such thoughts in mind that a feasibility 
study was undertaken in The Steel Company of Wales 
using a Pegasus I computer. 

During the implementation of a new clerical pro- 
cedure in the consigning and advising section of the 
rolling mills production, planning, and control depart- 
ment, it became increasingly apparent that the vast 
amount of analysis which followed the circulation of 
advice notes was not only a fruitful field for systems 
analysis, but also a likely integrated data processing 
application. Various problems immediately appear on 
such occasions, not least of them being the testing of 
any proposed system. 

At that time (spring 1960), the data processing sec- 
tion of the company comprised two PCC’s and a large 
Powers 65-column punched card installation. The PCC’s 
were heavily engaged in taking over a 17000 payroll 
from the 65-column equipment and consequently there 
was little spare development time available on these 
machines. However, housed in the operational re- 
search department of the Steel Division was a Pegasus 
I computer which was mainly engaged in research into 
works problems and statistical analyses.* There was 
development time available on this machine and the 
immediate solution, within the framework of the 
company, was to perform the testing of the proposed 
system on Pegasus with the full realization that this 
was a scientific computer, restricted in a data pro- 
cessing application by its input and output speeds. 

The project itself was to use the advice note as the 
originating document and to produce an integrated 





*G. W. Tuomas and C. Lt. 
OR/CA/54/60. 
Manuscript received 19 February 1961. 
The authors are with The Steel Company of Wales Ltd. 
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SYNOPSIS 

This feasibility study was carried out in the Steel 
Division of The Steel Company of Wales Ltd, concern- 
ing the mechanization of sales invoice procedures and 
associated analyses using a general purpose electronic 
digital computer. This involved some of the work of seven 
different departments in the company and was facilitated 
by the fact that all worked on information from a common 
document; the advice note. 

The study falls into four distinct parts. It was initially 
necessary to make a thorough investigation into the 
present procedures. This was followed by consideration 
of changes required for mechanization and integration. 
Once these had been carried out a new integrated system 
could be constructed. Most feasibility studies stop at this 
stage, but on this occasion an additional stage was per- 


formed to prove the system on a computer. In this study 


the necessary result was achieved by writing a program 
which integrated the required functions. 1958 





data processing system which would perform all the 
extensions and analyses which at that time were done 
clerically in seven different departments in the 
company. 


EXISTING PROCEDURE 
The seven departments in the company are: invoice, 
accounts, cost production, traffic, order control, and 
sales. It is necessary to explain the existing procedure 
in these departments in some detail in order that the 
reader will understand the extent of the problem and 
realize the consequences of the changes to be made. 
Steel which is ready for delivery is held in the 
despatch bay until a lorry or wagon is commissioned 
to transport the material to the customer. When a 
lorry has been loaded, the documentation pertaining 
to the load is passed to the consigning and advising 
department, who type an advice note, which is the 
notification to the customer that he is about to receive 
delivery of an order, or part of an order, and to the 
departments within the company itself that the neces- 
sary action must be taken to analyse, extend, and 
record the particulars contained in the advice note. 
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ADVICE NOTE 
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1 Advice note 





The advice note itself is typed on a Banda copying 
machine which includes columns and other particulars 
as shown in Fig.1, and copies are rolled off and distri- 
buted as described later. 

Invoice department receive the Banda Master of the 
advice note and convert it to an invoice master by 
completing the right-hand section of the document 
under ‘Invoice’. An invoice number is allocated, the 
data and terms entered, the price per ton of the 
material, and the amount. The invoice is now com- 
plete and copies can be rolled off for sending to the 
customer and to the accounts department. The grid at 
the bottom of the advice/invoice is also entered with 
the appropriate stock code, the weight of material 
despatched, the total value of the invoice, and the 
carriage charges, to give the ‘at works’ value of this 
particular consignment. 

Advice notes are also analysed in the invoice 
department for the compilation of a return for the 
South Wales [ron and Steel Traffic Committee. Every 
delivered tonnage was allocated to one of five geo- 
graphical regions, South Wales and Monmouthshire, 
West of England, North of a line from the Severn 
estuary to the Wash, Eastern, Home and Southern 
counties. Tonnages delivered to these areas were sub- 
divided into types of material: pig iron, ingots, rolled 
steel, steel sheets, etc. 

The copy of the invoice which was passed to the 
accounts department is posted to the relevant custom- 
er’s ledger card, from which monthly statements of 
account are produced. 

The mills production department has a twofold 
interest in despatches from the works. First, there is 
the need to progress orders and thereby produce order 
balances outstanding, and secondly for statistical and 
record purposes it is necessary to analyse deliveries by 
weight to customers by types of material. 
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When advice notes are received in the progress sec- 
tion of the production department they are immedi- 
ately entered on the reverse side of the original order 
document in order that customers’ queries on deliv- 
eries can be answered and so that if any order falls short 
of its required tonnage a remake can be ordered on the 
mill, if required. 

The statistics section weekly performs the task of 
analysing manually all deliveries and accumulating 
these over a 13-week sales period. Deliveries are 
analysed to home and export customers, drum makers 
and interworks deliveries being kept separate. The 
material delivered is subdivided into eight classifica- 
tions: hot rolled sheets, hot rolled sheet gauge coil, 
cold reduced sheets, cold reduced sheet gauge coil, 
thick plates (ex universal mill), plates (ez strip mill), 
plates (heavy gauge), and plate coils, and within these 
classifications a further subdivision to primes, ex- 
cesses, and defectives. 

The amount of work involved in the checking of 
hauliers’ accounts in the road accounts section of the 
traffic department is considerable. For example, there 
are over 600 registered hauliers on the company’s 
books and accounts, and up to 450 of these render 
invoices each month. Advice notes are sent from the 
road control point to the traffic department as lorries 
leave the works, and are then filed in numerical 
sequence awaiting the arrival of the haulier’s invoice. 

When an invoice is received the appropriate advice 
notes are withdrawn from the file and compared with 
the copy which the haulier attaches to his account. The 
haulier’s copy is checked to ensure that it contains the 
signature of the customer receiving delivery, which 
acts as proof of delivery. The destination is noted and 
the correct carriage rate applied for all advices shown 
on the invoice. These rates are then calculated and the 
total value checked against the amount claimed by the 
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2 Flow chart of computer system 


haulier. If the values agree and proof of each delivery 
has been supplied, the invoices are passed to the 
accounts department for posting to the haulier’s 
account and payment. Any discrepancies are re- 
checked and if agreement is not reached the haulier is 
informed and in the case of large discrepancies asked to 
prepare another invoice. In addition, daily totals of 
carriage by BRS vehicles are accumulated over a 
period of one month both by weight and carriage 
charges. 

The function of the order control department is to 
act as the main link between the sales organization 
and the mills, supplying the sales departments with 
reliable information on the general order book posi- 
tion, the mills with balanced production programs 
week by week, and to follow the progress of orders 
entered for manufacture. In this last capacity the 
order control department receives a copy of all advice 
notes and progresses deliveries. 

At this stage, the full cycle of the order/delivery 
procedure within the company has been completed. It 
is now necessary to explain what happens when an 
order is received in the sales department. A salesman 
makes out a draft order, which is passed to Flexo- 
writer operators. The Flexowriter is an automatic dc 
electric typewriter controlled by an edge-punched card, 
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which produces as a by-product punched paper tape 
as a document is being typed. On receipt of the draft 
order a Flexowriter operator selects the appropriate 
edge-punched card in accordance with the code shown 
on the draft order. The edge-punched card will then 
automatically type the customer’s name and address, 
consigning address, advice note destination, descrip- 
tion of material ordered, customer’s code, etc. It will 
be obvious that some of these details are variable and 
therefore more than one edge-punched card is needed 
per customer; in fact some customers have 20 or more 
edge-punched cards. 

As the order is being typed, whether automatically 
from the card or manually for the variable information 
(order no., gauge, width, length, etc.), pertinent data 
are being channelled into a by-product paper tape. 
When the by-product tape is completed it can be con- 
verted into punched cards on a tape-to-card convertor 
or used as immediate input to a computer. 

At this time punched cards were being produced 
which contained the following data: 

order and item no, 

customer code 

destination, quality, and purpose codes 

gauge, width, and length 

extra analysis codes, etc. 
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When the cards have been produced they are passed 
to the order control department for filing. As advice 
copies are received the delivered weights for a given 
order are entered in pencil on the reverse side of the 
card. At the end of a 13-week sales period the total 
delivered weights are manually punched into the 
cards so that analyses of deliveries to destination, 
quality, purpose codes, gauge width, and length can 
be undertaken. During the period the information 
contained in the cards is used by order control depart- 
ment to answer customers’ queries, so in this way the 
progressing function is very similar to that described 
in the production department. 

Sales department also use the advice notes. They 
analyse by hand all delivered tonnages by industry 
symbol within specified gauge groups and pass the 
results to the cost department, for the purpose of pro- 
ducing returns for the BISF and the Sheet Makers 
Conference. 


REQUIREMENTS FOR MECHANIZATION 

This is the procedure which the systems analysis 
revealed. The question now arose whether it was pos- 
sible to integrate these various functions, and by so 
doing produce an integrated data processing system 
which would satisfy the needs of all departments con- 
cerned. There was one common factor which affects all 
these departments: the advice note. 

The advice note in its present form does not give the 
necessary information required for a computer system, 
so that there was a need for this additional information 
when the original document was typed. It would then 
be possible to type the advice note on a Flexowriter 
and produce a by-product tape containing all the codes 
and numerical data necessary to perform all the 
analyses which are now being carried out manually. It 
may, however, be better to code the advice notes after 
typing and then punch paper tape or cards which 
could be used as ‘immediate’ input to a computer. 

It seemed that, provided the necessary codes were 
shown on the advice note, the statistical analyses could 
be produced without much difficulty. The production 
of invoices by the computer system, mechanization of 
the sales ledger with its problems of cash allocation, 
contra accounts, and credit notes, and the mechaniza- 
tion of the hauliers’ accounts, would need considerable 
reorganization before a satisfactory solution could be 
attained. 

At present the haulier renders a statement of 
account to the accounts section of traffic department 
as has been shown before. It now seemed possible to 
produce a statement for the haulier and to prepare a 
cheque for immediate payment. This would save both 
parties a considerable amount of work. 

Similarly, it seemed possible to prepare the sales 
ledger and produce customers’ statements auto- 
matically. The obvious solution appeared to be to dis- 
cover to what extent the advice note would have to be 
extended by the addition of codes and in what form 
these data would be required to pass to the computer. 

The following additional codes were needed on the 
advice note: 

customer code 

destination code (with an indication of road or rail delivery) 

haulier code 

stock code 

price. 
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This was not impossible, and for the purposes of the 
exercise it was assumed that the codes would be added 
when the advice note was originated. 


THE COMPUTER SYSTEM 


As it was intended to use the Pegasus computer to 
prove the feasibility of the system the sampled data 
were produced as a five-channel by-product perforated 
paper tape. To indicate to management how it was 
possible with an electronic computer to integrate the 
procedures described above, and thereby, it was hoped, 
to prove the feasibility of such a system, it was decided 
to write a program incorporating all these procedures. 
To achieve this, it was necessary to obtain all the basic 
data in one medium, a five-channel punched paper 
tape. With this medium as input, the computer would 
then be used to perform calculations, update ledgers, 
produce analyses, and print these at the appropriate 
times. The ultimate aim would be to produce all these 
tabulations as well as the complete invoice with all its 
alphabetic and numerical information. In the case 
study under consideration, however, the complete 
invoice was not produced because the machine used 
was of a limited capacity, but the results of calcula- 
tions necessary to complete the invoice were printed 
in the form of an advice note extension. 

A Pegasus I electronic digital computer was used. It 
can briefly be described as a medium-size general- 
purpose digital computer, having a two-level store, 
namely, a working store in the form of single word 
length nickel delay lines and a backing store in the 
form of a magnetic drum holding 4096 words, a word 
consisting of some 39 binary bits which is equivalent to 
about 12 decimal digits or 6 alphanumeric characters. 
This particular Pegasus was installed for scientific 
work, so that the input and output equipment is fairly 
slow; however, this point is immaterial in this case as 
the purpose is to show that the job can be done in a 
reasonable time. It follows therefore that if it can be 
shown that the job can be done on a medium-speed 
computer with slow input and output equipment, then 
it can be done much more quickly with fast input and 
output equipment. 

When a computer is used it is necessary to convert 
into numerical code as much of the information as 
possible and to punch these codes together with the 
alphabetic data on to the input medium. The following 
basic data were now in a form ready for input as a data 
tape into the machine: 


customer code 
destination code 
consignment no. 
order no. 

item no. 

gauge 

stock code 
industry code 
haulier code 
weight delivered 
price. 


The computer then organizes the data into the section 
of the store allocated to it and also adds, subtracts, 
multiplies, and divides, the numerical data. In addi- 
tion it sorts the data into the required form for print- 
ing with the alphabetic information on a suitable 
document. In this way a whole series of pricing and 
listing operations is carried out automatically and at 
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3b Photograph of demonstration board, as prepared by organization and methods department. 
(The ‘Consignment note’ is now called the ‘Advice note’, and is referred to as such throughout the paper) 


much higher speeds than is possible by any other 
means. The result saves clerical labour, and provides 
management with information that is both timely and 
complete as well as achieving greater accuracy and 
consistency. 

Each delivery against the order is recorded and the 
data corresponding to this movement will be called a 
record. The procedure is as follows. The by-product 
Fiexowriter tape containing all the records for the day 
is brought to the computer. After the program and up- 
dated information from the last run have been fed into 
the machine the records tape is placed in the input 
station. Once this has been done the program, when 
initiated, takes over complete control and carries out 
the following procedures: 


1. Tests whether it has come to the end of the record 
tape; if so, it can go on to carry out the daily tabula- 
tions. 

2. Finds out if the advice no. is the same as the 
previous one; if so, then it prints out the accumulative 
total for that particular advice no. 


3. Transforms the weights and prices to their lowest 
unit. 


4. Forms the following combination of codes as new 
keywords: 

order item code =( (order no.) x 100)+ item no. 

customer advice code=( (customer no.) « 10*)+ advice no 

haulier advice code =( (haulier code) « 10°) + advice no. 

industry gauge code =( (industry code) x 10*) + gauge 

customer stock code =( (customer code) « 10°) + stock code. 

5. Finds out whether the destination code is a 
legitimate one or not. If it is, then it brings down 
appropriate carriage rate, and if otherwise, it prints 
out the whole record and reads the next record. 


6. Forms and looks up indexes for 

customer stock code 

order item code 

stock code 

industry gauge code 

haulier advice code 

customer advice code 
so that there will be only one part where the appro- 
priate corresponding data are to be found. 

7. Calculates invoice value, and as there may be 
more than one item per advice note, the accumulative 
value and also the delivery charge. 

8. Prints out the advice note details, invoice 
extension, and carriage charge. 

9. Forms the following tabulations: 

(a) the weight delivered for each customer stock code 

(b) the weight delivered for each order item code 

(c) the weight delivered for each haulier advice code 

(d) the carriage charges for each haulier advice code 

(e) the weight delivered for each industry gauge code 

(f) the value of steel delivered for each stock code 

(g) the carriage charges for each stock code 

(h) the value of steel delivered for each customer advice 

code. 

10. Updates all balances. 

11. Sorts the items into the order required, and also 
forms the control totals. 

12. Forms the weight balance daily tabulation of 
all movements of orders on the day under considera- 
tion by using tabulation 9b, and locates the corres- 
ponding orders not despatched and updates these. 

13. Prints daily: 

(a) the total carriage charges, weight delivered, and value of 


the steel deliveries by British Road Services transport. 
This tabulation is used for control purposes. 
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(b) the selling value of the steel delivered for each customer 
advice code as well as the accumulative total value for 
steel delivered to each customer 

(c) the weight balance for each order item code. 


14. Prints weekly: 

(a) the weight delivered for each customer stock code, as 
well as the weight delivered for each customer 

(6) the weight balance of all the orders on hand. 


15. Prints monthly: 

(a) customer’s ledger 

(b) haulier’s account 

(c) the ‘at works’ price for each stock code, which is pro- 
duced by combining the tabulations 9f and g 

(d) returns for the BISF. 


16. Prints periodically: 

(a) the weight delivered for each industry gauge code 
(6) regional county return 

(c) South Wales transport return. 


17. Produces automatically updated information 
ready for the next day’s run. 

The basis of the computer system is shown in the 
form of a flow diagram in Fig.2. 


NOTES ON PROGRAMMING 


The ultimate aim was to produce a wholly integrated 
system. To do this it was necessary to hold all the 
relevant information in the store and also to carry out 
the sorting internally. In consequence, on each run all 
the updated information for the previous day has to 
be fed into the computer as well as the ordered weights 
and the carriage rates corresponding to each destina- 
tion code. 

It was necessary to utilize the storage available in 
the most efficient manner, and this was achieved by 
using indexes of key words for each tabulation or 
analysis and separating one index from the next by 
making the last keyword of each index ‘“—1’. In the 
position corresponding to this in the tabulation the 
accumulative total for that tabulation was placed. 

The sorting of all the tabulations and also the 
ordered weights was carried out straightforwardly so 
as to use minimum storage space. This meant that this 
procedure was quite slow and in fact took 30°%, of the 
time for carrying out the whole procedure. Another 
slow process was the printing out of the tabulations 
and analyses owing to the slow speed of printing of the 
teleprinter. To achieve integration it was also neces- 
sary to have some warning at the end of the records 
tape so that the computer would know when to stop 
reading data. This was done by placing a record at the 
end of the tape with advice and order number zero. 
Some standardization and flexibility was necessary to 
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avoid repetition and to facilitate the reorganization of 
storage without much trouble. This was done by treat- 
ing all the tabulations in the same way and having the 
facility to reset the starting address of each index. 

To print out the results in an intelligible form it was 
necessary to improvise, instead of using printed 
stationery, and to use a second input station to hold a 
tape containing all the titles required for the job in 
their proper sequence, which the computer reads in 
and prints out at the appropriate times. 

The program was about 2048 instructions, and 2000 
additional words of drum storage were allocated for 
indexes and corresponding data, which was more than 
adequate for the feasibility study. This study took one 
person about two months to program. The ultimate 
function of producing the complete invoice could be 
achieved in an integrated system only by having extra 
storage in the form of magnetic tape or RAMAC-type 
storage that would hold all the alphabetic information 
necessary for its production. 


INFORMING MANAGEMENT 


To indicate the feasibility of using a computer for 
clerical and other procedures, sessions were arranged 
for management, under the auspices of the computer 
section of the operational research department. These 
sessions were received with enthusiasm. This study 
was taken as a demonstration and to facilitate its des- 
cription a board (Figs.3a, b) was made by the organiza- 
tion and methods department which showed a com- 
parison of the present and proposed systems. It was 
found very useful in explaining to management the 
essence of the system. It was also found that by taking 
a practical study for demonstration, management were 
given a clearer appreciation of the problems and 
possible solutions. 


CONCLUSION 


Although there were limitations in attempting an exer- 
cise of this nature, the validity of a theory was proved. 
The systems analyst, when he has devised a system, is 
still confronted with considerable problems, not least 
of which is illustrating both to management and oper- 
atives alike that a new procedure is an improvement 
on the old procedure. Quite often there is doubt in his 
own mind as to the advisability of uprooting a well run 
practice, and this is the reason why the use of Pegasus 
to prove the system was so valuable. In fact the pro- 
cedure will be instituted in the first place by a punched 
card system with an IBM 650 computer at the centre, 
but whether punched cards or paper tape, the basic 
concept of the new procedure is the same. 
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Technical education in Wales 


Enrolments at the Welsh College of Advanced 
Technology in mechanical and electrical en- 
gineering have been far too low. This is among 
the conclusions in a report “Technical educa 
tion in Wales’ (HMSO, 7s). Industry needs 
increasingly a source of highly qualified people, 
and the solution to the problem, the report 
concludes, lies in industry’s own hands. Sand 
wich and other advanced courses have had in- 
adequate support, although part-time and day- 
release figures have trebled since 1947. The 
Central Advisory Council for Wales advocates 
the establishment of a national craft appren- 
tice system, which would free individual 
industries from the responsibility of training 
for crafts. The system would be administered 
by the State through the Ministry of Educa- 
tion. Apprentices would enter training centres 
at 16 years of age, and on sufficiently generous 
grants. Industry’s contribution would be via 
an Apprentice Levy imposed on every firm or 
organization employing craftsmen and tech- 
nicians. Policy would be determined by a 
National Apprenticeship Council. Instead of 
the present ‘haphazard’ methods of training, 
training should be much more the responsi- 
bility of local education authorities. Alter- 
natively, the five-year craft industrial appren- 
ticeship period might be reduced to three 
years, but with all apprentices recruited by 
industry taking a two-year full-time course at 
17 or 18 years of age. Such a policy, the report 
adds, must be regarded at present as a long- 
term one. 

On the specific question of technical educa- 
tion in Wales the report notes that some large 
firms in Wales send their apprentices to 
advanced sandwich courses at colleges in 
England. Facilities in Wales are not being used 
to their full capacity. The Council therefore 
suggests that advanced technical courses in 
Wales should be restricted to five colleges, 
those serving Glamorgan, Newport, Mon 
mouthshire, Denbighshire, and Cardiff. An 
Administrative Council with new status and 
responsibility should administer them. The 
Council also suggests that greater co-operation 
between the Welsh College of Advanced Tech 
nology and other technical colleges, the 
acceptance of sandwich diploma and degree 
courses as the normal provision for those who 
are to be technologists, and of the principle of 
releasing apprentices with pay, and regular 
supervision of students by parents, industry, 
and the technical colleges would ensure that 
available facilities were well and fully used. A 
close association between the College of 
Advanced Technology and the University of 
Wales is also recommended. 


Educational awards 
Whitworth Foundation awards 1962 


The Minister of Education offers for competi- 
tion in 1962 the following awards: Whitworth 
Fellowships, not more than three in number, 
normally tenable for one year, of a value of 
£1000 a year, with certain additional and 
variable allowances; Exhibitions, not more 
than three, of £100 in value, for unsuccessful 
competitors whose work deserves recognition, 
to be spent on the competitor’s engineering 
education. An Exhibition will not be awarded 
to someone who has previously won an Exhi- 
bition or a Whitworth Prize. 

To be eligible for the competition the candi 
date must, at the time of application, (a) be a 
British subject of over 25 years of age, (6) not 
have previously held a Fellowship or a Senior 
Whitworth scholarship, (c) be in possession of 
one of the following: a university degree in 
engineering, a Diploma in Technology 
(Engineering), a Higher National Diploma or 


EDUCATION 


Higher National Certificate in Engineering 
with at least two distinctions, or a qualifica- 
tion approved by the Minister as of equivalent 
standard to one of the above, and (d) have 
subsequently been engaged as a practising 
engineer for not less than three years. 

Applications should be made on form F.E. 
(1962) as soon as possible and at latest by 
31 July 1961. Enquiries and requests for 
application forms should be made to The 
Secretary, Ministry of Education (F.E.111(C) ), 
Curzon Street, London W1. Full details of 
these awards are given in ‘Rules and Condi- 
tions for the Award of Whitworth Fellowships 
and Exhibitions’, which may be obtained, 
price 4d (by post 6d), from HM Stationery 
Office, York House, Kingsway, London WC2, 
or through any bookseller. 


Imperial College 
post-graduate courses 
Nuclear technology 


A post-graduate course in nuclear technology 
(chemical) for 1961-62 is available at Imperial 
College, London. The course is administered by 
the Department of Chemical Engineering and 
Chemical Technology, under the supervision of 
the Reader in Nuclear Technology, and con- 
sists of lectures, an extensive course of prac- 
tical work, and participation in a research 
project or design study. 

The course 1s recognized by DSIR for the 
award of Advanced Course Studentship and is 
intended for graduates in chemical engineering, 
chemistry, and metallurgy, and other suitably 
qualified applicants. It is full-time and lasts for 
one year. The Diploma of Imperial College is 
awarded to successful students. The fee is £64. 
Applications for admission should be made by 
1 June on a form obtainable from the Registrar, 
Imperial College, London SW7. 


Reactor fuel element technology 


A course of ten lectures, to take place on 4, 
ll,and 18 May, and designed to lay emphasis 
on the industrial problems of reactor fuel 
element technology, has been arranged by the 
Reader in Nuclear Technology in consultation 
with the Assistant Director of AER, Harwell. 
The lectures, by authorities in their subjects, 
will be given in the Department of Chemical 
Engineering and Chemical Technology. The 
course fee is 5 gns. Post-graduate students of 
the College and Inter-Collegiate students may 
be admitted free. Application to attend the 
course should be made to the Registrar, 
Imperial College of Science and Technology, 
London SW7. 


Production engineering 


A post-graduate course in production engin- 
eering begins each year in October at Imperial 
College, London. Prospective entrants should 
have an engineering or science degree or the 
equivalent (a limited number of holders of the 
HNC will be considered). Special provision may 
be made for students sponsored by industrial 
organizations. The course is recognized by 
DSIR as suitable for the tenure of an Ad- 
vanced Course Studentship. Further details 
and application forms for admission to the 
course should be applied for at once to the 
Registrar, Lmperial College, London SW7. 


Refresher course 
Combustion engineering 


A residential refresher course will be held at 
Prestatyn Holiday Camp from Monday, 29 
May to Saturday, 3 June 1961, intended for 


Universities 
Technical colleges 
Industry 


engineers concerned with the burning of sub- 
stantial tonnages of solid, liquid, and gaseous 
fuels on boilers and furnaces. There will be a 
series of lectures dealing with existing prac- 
tice, and with the latest developments in the 
field of combustion 

The syllabus will include a study of available 
fuels, the principles of combustion for all types 
of boiler and furnace plant, and the various 
auxiliaries and ancillary items of equipment, 
instrumentation, and automatic control, 

Expert lecturers will use films, slides, and 
other visual aids, Lecture notes will be supplied 
to each student. The inclusive fee for the 
course will be £12 12s, Director of Studies will 
be Mr W. Short, 8.8¢., M.1NsT.¥., and brochures 
and application forms can be obtained from: 
C. K. R. Davies, Secretary to the Course, 
National Industrial Fuel Efficiency Service, 
Baltic House, Mount Stuart Square, Cardiff. 


Instructional films 
UKAEA 


The United Kingdom Atomic Energy Authori- 
ty recently gave a press showing of two films 
on reactor construction and materials testing. 


Dounreay symposium opens with an animated 
sequence explaining the construction of the 
reactor and its associated heat exchangers. 
Foundation laying and the erection of the 
lower half of the 135-ft dia. containment 
sphere is interspersed with shots of the manu- 
facture of components in makers’ works. 

This film shows some of the engineering 
problems which arose on the fast reactor, and 
the way in which they were solved. It has been 
produced primarily for engineers but no 
detailed knowledge of atomic energy is 
assumed. The film is in colour, and the running 
time is 27 min. 

Steel for nuclear power was originally pro- 
duced as a background to the introductory 
address by Sir Leonard Owen to the sym 
posium on steels for reactor pressure circuits 
arranged by The Iron and Steel Institute in 
London last November- December. It is mainly 
eoncerned with steel for reactor pressure 
vessels, and starts with a review of the methods 
of erection and testing at Calder Hall. Develop- 
ments in technique for the civil power station 
reactors are shown, and the importance of 
improving testing methods to match increased 
plate thickness is brought out. 


These films were produced for the UKAEA 
by Ace Film Productions, and 16 and 35 mm 
copies are available on free loan from the 
Authority at 11 Charles II Street, London 
SW 1, or at Risley, Warrington, Lancs. 


col 


Among the films that have been added to the 
Central Film Library, Central Office of Infor 
mation, since November 1960, are the follow 
ing: 

Mechanization and automation in the foundry 
Mass production of cylinder liners in the 
Renault foundry— French with English com 
mentary, 13 min. (Ref. V529.) 

A new example of press automation Auto 
matic production of automobile units in the 
Renault foundry— French with English com 
mentary, 10 min. (Ref. V530.) 

Pipeline construction Laying a large-dia. 
pipeline—In colour, 29 min, free. 

(Ref. UK2173.) 

A 16rom print of the first two films may be hired 
at a charge of 5s for one day (reduced charges for 
additional days). The current Films for 
industry catalogue (2s 6d) and further informa- 
tion may be had from Central Film Library, 
Industrial Section, Government Building, 
Bromyard Avenue, Acton, London W3. 
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Liquidus—solidus relations in iron-rich 
iron—niobium and iron—molybdenum alloys 


W. S. Gibson, J. R. Lee and W. Hume-Rothery 


INTRODUCTION 


PREVIOUS PAPERS have described the liquidus—solidus 
relations in the alloys of iron with the transition 
elements of the First Long Period,' and with the 
elements of Group VIII of the Second Long Period.? 
The present paper describes an investigation of the 
liquidus—solidus relations of the alloys of iron with 
niobium and molybdenum in the Second Long Period. 
The atomic diameters of the transition elements of the 
Second Long Period are systematically greater than 
those of the First Long Period, and the exact values 
are of such a nature that, although molybdenum is 
still within the favourable zone with reference to iron, 
niobium is on the borderline of the favourable zone. 


{RON-NIOBIUM ALLOYS 
Previous work 


The earlier work on the equilibrium diagram of the 
system iron—niobium has been summarized by 
Hansen.* The diagram is of the contracted y-field type, 
and the restricted solid solutions in «, y, and $-iron 
involve equilibrium with the intermediate phase based 
on the composition Fe,Nb which crystallizes in the 
MgZn, type of structure, and has a melting point of 
1655°C. The equilibrium relations for iron-rich alloys 
were not established, and the present paper describes 
an investigation of this part of the diagram at high 
temperatures. 


Experimental details 


The iron used in the present work was BISRA ‘H’ iron 
of a purity similar to that previously described.? The 
niobium was spectroscopically pure metal supplied in 
the form of rods by Messrs Johnson, Matthey & Co, 
Ltd. Gaseous impurities were estimated by the 
suppliers as: oxygen, 0-01°,; nitrogen, 0-0045°,; 
hydrogen, 0-0002°,. 

The liquidus curve was determined from the arrests 
on cooling curves which were taken with all the pre- 
cautions previously described.!.? For the five alloys of 
lowest niobium content the arrest points should be 
accurate to within +1°C relative to the assumed 





Paper MG/A/1/61 of the Alloy Steels Committee of the Metal- 
lurgy (General) Division of the British Iron and Steel Research 
Association, received 24 January 1961. The views expressed 
are the authors’, and are not necessarily endorsed by the 
Committee as a body. 

The authors were at the Department of Metallurgy, the 
University, Oxford, when this paper was written. Dr Gibson is 
now with the Atomic Power Constructions Ltd, Heston 
Laboratories, Middlesex, and Mr Lee is at the University, 
Birmingham. 
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SYNOPSIS 
The liquidus and solidus relations in iron-rich alloys of 
the systems iron—niobium and iron—molybdenum have 
been determined for alloys of high purity. Some informa- 
tion has also been gained of the constitution of the alloys 
in the solid state. For the system Fe—Nb, the general form 
of the earlier diagram is confirmed, but the composition of 
the §-eutectoid is at a lower percentage of niobium than 
was previously imagined. For the system Fe—Mo, the 
general form of the earlier diagram is again confirmed, 
but the freezing range of the 3-phase alloys is narrower 
than was previously supposed. In the systems Fe-Cr and 
Fe—Mo the 8-liquidus and solidus curves pass through 
minima at almost the same composition (c. 20 at-%% 
solute) in spite of the larger size of the molybdenum atom. 
1939 





nickel point (1453°C). For the remaining alloys the 
accuracy is probably somewhat less, owing to the 
greater freezing ranges and the more steeply falling 
liquidus curve. 

For the solidus curve, satisfactory arrests on heating 
curves were obtained only for alloys containing less 
than | at-°, of niobium. For the remaining alloys, the 
freezing range was so great that segregation during the 
cooling curve was too severe to be removed by anneal- 
ing for 24 h slightly below the expected melting points. 
The solidus curve was therefore determined by the 
conventional method of annealing and quenching from 
successively higher temperatures until chilled liquid 
was observed in the microsection; for this purpose 
alloys were prepared in an argon are-melting furnace. 
Use was also made of specimens melted in thoria 
crucibles in a tungsten resistor furnace and then 
rapidly cooled, but with alloys of higher niobium con- 
tent the wide freezing range resulted in badly segre- 
gated ingots. All the ingots were homogenized by 
annealing in vacuo for 5 d at 1300°C, and were then 
quenched. Specimens were then heated for periods of 
the order }~-} h for the solidus determination, and for 
4-1 h for the examination of the 3-phase region. In the 
microscopical work satisfactory results were obtained 
by etching with a dilute alcoholic solution of nitric and 
hydrofluoric acids. 


Experimental results 


Results of the thermal analyses are given in Table I, 
and are also shown in the equilibrium diagram of 
Fig.1. 
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1 The system iron—niobium 


The §-liquidus curve falls steeply from the freezing 
point of iron to a eutectic point at 10-6 at-°,Nb. The 
eutectic temperature was determined as 1372°+-2°C 
by thermal analysis, and as lying between 1370°C and 
1380°C by means of quenching experiments and 
microscopical examination. The eutectic reaction may 
be represented: 

Liquid(10-6 at-°,,Nb)=Solid § (2-8 at-°%) 

+Solid ‘Fe, Nb’. 


TABLE | Results of thermal analysis 





Cooling curve Heating curve 
Atomic °,Nb arrests arrests 
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2 The system iron-molybdenum 


Below the eutectic temperature, the composition range 
of the §-phase shrinks rapidly until at 1200°C a eutec- 
toid point is reached at which solid § containing about 
0-6 at-°,,Nb decomposes into a mixture of y-solid sol- 
ution and ‘Fe,Nb’. 

When compared with the diagram given in the 1958 
edition of Hansen’s text-book,* the present work shows 
the eutectic point to be at a slightly higher tempera- 
ture and lower atomic percentage of niobium than was 
previously supposed, but otherwise the old and new 
liquidus curves are in fair agreement. The composition 
of the 3-phase at the temperature of the eutectic hori- 
zontal is in excellent agreement with that given by 
Hansen, but the latter’s value for the composition of 
the 3-eutectoid (1-6 at-°/,Nb) appears to be at too high 
a niobium content, because the present alloy contain- 
ing 0-9 at-°/,Nb was in the two-phase (8+-Fe,Nb) field 

















0-25 1523 8 
1373 A 1370 A 
0-49 1529 L 1518 8 TABLE ti Results of present thermal analysis 
1340 » 
1-95 1510 L l re # Cooling curve Heating curve 
3-46 1493 L Atomic %Mo arrests arrests 
4-82* 1480 L 1364 Ec 
5-50* 1474 L 4-52 1513 L 1507 8 
1370 Ex 1370 Ec 7-92 1498 L 1490 8 
1203-5 Ed 11-10 1485 L 14778 
7-71 1441 L 14-93 1468 L 1463 8 
1369 Ee 1363 Ec 20-93 1450 L 1449 8 
1200 Ed 22-01 1456 L 1449 P 
9-73 1400 L 23-08 1450 P 1446 P 
1374 Ec 1367 Ec 24-93 1476 L 
1200 Ed 1449 P 1447 P 
11-94 1413 L 25-98 1480 L 
1373 Ec 1449 P 1446 P 
13-14 1433 L 28-00 1491 L 
1374 Ec 1361 Ec 1451 P 1449 P 
1199 Ed 31-87 1530 L 
14-50 1453 L 1488 PP 
1372 Ec 1365 Ec 1450 P 1450 P 
1199 Ed 34-15 1566 L 
1487 PP 
L=Liquidus S=Solidus Hc=Eutectic EHd=Eutectoid 1446 P 1449 P 


A=approximate y/6 arrest ie 
* These compositions are synthetic; in all other cases the cooling 
curve ingot was analysed. 





L=Liquidus S=Solidus P=lower peritectic PP=<higher peri- 


tectic. 
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3 Comparison of liquidus and solidus curves for the systems 


Fe—Cr, Fe—V, Fe—Mo, and Fe-Nb 


at 1215°C, and consisted of homogeneous $-phase at 
1240°C. 


THE SYSTEM IRON-MOLYBDENUM 

Previous work 

The previous work on the equilibrium diagram of the 
system iron—molybdenum has been summarized by 
Hansen.* The diagram is of the y-loop type and, as 
shown in Fig.2, is characterized by a minimum in the 
liquidus and solidus curves of the «8 solid solution, and 
by the existence of at least two intermediate phases. 
Of these, the «-phase has a composition corresponding 
approximately to the empirical formula Fe,Mo,, and 
its crystal structure is rhombohedral of the (D8,) type. 
The second intermediate phase has a o structure, and 
its composition varies from about 42-50 at-°,, molyb- 
denum. Both these phases are formed by peritectic 
reactions (see Fig.2). 


Experimental details 

The iron used in the present work was the BISRA ‘H’ 
iron referred to on p.64. The molybdenum used was 
are-melted metal kindly presented by the ARDE, 
Woolwich, and the authors must express their thanks 
to Dr L. Northcott for his help in this connexion. The 
metal contained 0-011°,C, 0-004°,Si, and less than 
0:0005°%,0, together with 0-1°,Fe which was im- 
material from the point of view of the present work. 

A master alloy containing about 46 at-°,,Mo was 
kindly prepared by BISRA. This was melted in a 
thoria crucible by induction heating under argon at a 
pressure of 5 em of Hg. The master alloy was used for 
preparing the alloys of higher molybdenum content, 
while the alloys of low molybdenum content were 
made by the simple melting of iron and molybdenum 
in the cooling curve apparatus. 

The thermal analyses were carried out by the stand- 
ard methods described above for iron—niobium alloys. 
Alumina crucibles and thermocouples were used, and 
no reactions were found to occur between the alloys 
and the refractories. All the alloys were treated in the 
molten condition with hydrogen, and the gases were 
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drawn off before the thermal analysis. The seven alloys 
of lowest molybdenum content were examined micro- 
scopically, and counts were made of the oxide par- 
ticles in a given area. Vacuum fusion analysis of the 
alloy with the highest oxide particle count indicated 
the presence of 0-0047°,O by weight. The microsec- 
tions of alloys of higher molybdenum content con- 
tained holes which were the result of the polishing out 
of the brittle intermediate phases, and for these alloys 
oxide particle counts were not possible. 


Experimental results 

Results of the present thermal analyses are shown in 
Table II and Fig.2. The general form of the diagram 
given by Hansen is confirmed, but the freezing range 
of the « §-phase alloys is narrower than was previously 
supposed. The « 5-liquidus and solidus reach a mini- 
mum at 20-2 at-°,Mo and 1445°C (Hansen 23 and 
1440°C). There is a peritectic reaction at 1449°C 
(Hansen 1450°C) between liquid containing 21 at-°, 
Mo (Hansen 25-5) and the Fe,Mo, phase with the for- 
mation of «5 solid solution containing 22 at-°,Mo 
(Hansen 26). From this point the liquidus rises steeply 
to 1488°C (Hansen 1480°C) where a peritectic reaction 
occurs in which, on cooling, the Fe,Mo, phase is 
formed by a reaction between the o-phase and liquid 
containing 27-5 at-°;,Mo (Hansen 29-5). 


DISCUSSION 

Figure 3 shows the liquidus and solidus curves for the 
iron-rich alloys of the systems Fe-V, Fe-Nb, Fe—Cr, 
and Fe—Mo. The effect of the borderline size-factor in 
the system Fe—Nb is apparent, and the size-factor 
effect is also responsible for the fact that, in spite of the 
higher melting point of molybdenum, the liquidus and 
solidus curves for the system Fe—Mo fall more steeply 
than for Fe—Cr. It is of interest that the minima of the 
curves for the systems Fe—Cr and Fe—Mo occur at 
about the same atomic percentage of solute, in spite of 
the larger size-factor in the system Fe—Mo. This 
suggests that the effect is electronic, rather than due to 
effects of atomic packing. 
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DISCUSSION ON PAPERS | 


Discussion at meetings 


Written contributions 


Report of the Forty-first Engineers Group Meeting 


The Forty-first Meeting of The Iron and Steel Engineers Group of The Iron and Steel 
Institute was held on Tuesday, Wednesday, and Thursday, 25, 26, and 27 October 1960 
at Scunthorpe. The Chairman of the Growp, Mr F. B. George, was in the Chair. Four 
papers were presented and discussed during the Meeting. The papers have already been 
published in the Journal. The discussions are given below. 


Discussion on developments at Appleby-Frodingham 


This discussion was based on the paper ‘Developments at 
Appleby-Frodingham since 1954’, by . A. Atkin and E. F. 
Farrington, which was published in the October 1960 issue of 
the Journal (196, 217-224). The authors, who are with the 
Appleby-Frodingham Steel Company, presented the following 
introductions to their paper 


Appleby mill development 

Mr Atkin: The first half of this presentation is devoted to the 
re-equipping of the slab and the 12-ft plate mill at Appleby, a 
four-year programme which is almost complete; and the 
second half is devoted to the planning, designing, and installa- 
tion of the universal beam mill. These two sections of the 
paper have been chosen for expansion primarily because most 
of the other developments at Appleby-Frodingham have 
already been the subject of various publications and are, 
therefore, quite well known. 

The soaking pit installation in the Appleby mill (Fig.A) is 
at right-angles to the slabbing mill and has a total capacity of 
1360 ingot tons. It consists of two new four-cell pits, two 
regenerative pits, a controlled cooling pit, and an electric 
soaker. The installation is served by two 20-ton cranes. 

The new cells are gas-fired and fitted with metallic recuper- 
ators for air and gas, each cell having a capacity for eight 
15-ton ingots or eight 10-ton ingots or ten 7-ton ingots. The 
cells are fired by a single burner constructed in the end wall 
and have a maximum heat input rating of 220 therms/h. The 
cells are normally fired by blast-furnace gas but provision is 
made for coke-oven gas enrichment when heating cold ingots. 

The working temperature of the cells is 1320°C and on cold 
charging the time to attain rolling temperature is 7 h for 7-ton 
ingots, 10 h for 10-ton ingots, and 13 h for 15-ton ingots. 

The electric soaker, which has a capacity for eight 10-ton 
ingots, has been the subject of an earlier paper* and it is suffi- 
cient here to say that it provides a very cheap means of main- 
taining rolling heat for ingots which have a track time of 
between 1} and 2 h. The electrical energy dissipated is equival- 
ent to a heat input of 1-1 therms/ton (32 kWh/ton). 

The controlled cooling pit is an eight-cell installation, each 
cell holding one 10-ton ingot, and the small amount of coke- 
oven gas burned gives a heat consumption of 3 therms/ton. 

The slab mill (Fig.B) is a conventional two-high, highlift 
mill, which produces an average of 17000 tons of slabs in a 
normal 17-shift week, varying in size from 36 in x 30 in x 3 in 
thick to 102 in x 52 in x 17 in thick, and it is only necessary to 
mention some of the more interesting features of the mill. 

The load cells which are fitted to the breaker block on each 
screw allow rolling loads to be measured, thus enabling opti- 





* P. Coarteswortn: J/S/, 1959, 193, 368-372. 








mum drafting of ingots to be attained. Screwdown is auto 
matically controlled by equipment which is initiated by photo- 
cells placed on each side of the mill but which can be over 
ridden immediately by the centring of the normal screwdown 
hand-operated controller. Drafting of the barrel on the roll is 
set at 14 in and on the edging pass —3 in. 

The rolls are mounted in fabric bearings which have per- 
formed very well since the commissioning of the mill in Decem- 
ber 1959. The bearings are fed with a continuously metered 
quantity of lubricant and there are three separate lubrication 
systems, one on the roller tables and their drives, one on the 
manipulators and one for the serewdown gear. 

Figure C shows in graphic form the typical performance of 
the fabric roll neck bearings (50 gal/min water per bearing; 
1} lb/h bearing lubricant). 

The 12-ft plate mill consists of a two-high roughing and a 
four-high finishing stand which are in tandem. Slabs are 
drawn from the five continuous bogie-type reheaters (Fig.D) 
and fed by charger on to a slab receiving table which is driven 
by independent ac motors 

The hot slab then initiates a photocell control which starts 
up the receiving table and passes the slab into a high-pressure 
descaling hood. The top header of the hood is adjustable 
through the range 184-35} in, the present arrangement being 
that the header is always 134 in above the top surface of the 
slab, while the bottom sprays are fixed at a distance of 134 in 
from the underside of the slab. The system works at a pressure 
of 1250-1500 Ib/in*. 

The selection of the height of the header is controlled by 
push-buttons suitably marked with slab thickness and operat - 
ed by a reheater attendant. The spraying time of the slab 
varies from 2 to 8 s and is a function of the slab length. 

On leaving the descaling hood the slab is conveyed to the 
roughing mill. Slab turning is carried out on alternately 
tapered rollers which are driven by independent de motors on 
Ward-Leonard control. 

Figure D shows a 12-ft roughing mill. Mill rolls are mounted 
in fabric bearings and the roll train is mounted on a retract- 
able sledge. Because of the need to change rolls quickly during 
production time, a duplex sledge rig is provided so that a com- 
plete roll set can be set up on the spaie sledge before roll 
changing begins. 

The cross carriage, which is hydraulically traversed, is set to 
receive the sledge which carries the worn rolls from the stand, 
and the roll train is extracted. The carriage is traversed to line 
up the new rig with the mill and the newly assembled rig is 
pushed into the housing. The roll change currently takes some 
2 h to complete but efforts are being made to reduce this time. 

Slabs leaving the roughing mill are conveyed to the four- 
high finishing mill. The back-up rolls are mounted in alu- 
minium alloy Morgoil bushes, and work rolls mounted in 
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A_ Soaking pit installation 


Timken roller bearings. The alloy bushes have rolled 1 m. tons 
of plates and have been entirely trouble free, while the roller 
bearing assemblies, of which there are three sets, have rolled 
350000 tons each set and are still in service. 

The back-up rolls are changed every six weeks and the work 
rolis every 3000-4000 tons. The back-up change takes 10 h 
and is carried out during weekend downtime, and the work 
roll change is carried out by porter bar in 20-25 min, i.e. 
within the } h meal break. 

Finished plate then proceeds down a roller table and the 
line then splits three ways. Plates between / in and } in thick 
are conveyed by an automatically controlled overhead pusher 
to the ingoing side of a single-pass hot leveller. Plates between 
} in and 1} in thick are passed to the old guillotine shear line, 
and plates over 1} in thick proceed to a flame-burning bay. 

This presentation is only concerned with the equipment 
which deals with plates between ¥ in and } in thick. 

The rotary shear line is designed to deal with some 4000 tons 
of plate per 17-shift week, although the potential capacity is in 
excess of this figure. The figure of 4000 tons per week is based 
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G Typical performance of fabric roll neck bearings 


on an average plate size 45 ft long x 96 in wide x $ in thick, 
weighing 3-28 tons, and the maximum plate that can be 
handled is 65 ft long x 144 in wide x ? in thick, the minimum 
plate width being 60 in. 

After a single pass in the hot leveller the plate is placed by a 
chain transfer on to a conveyor bank which is some 154 ft long 

x70 ft wide. Finger carriage beams are actuated by a lever 
system connected across the width of the bank which provides 
a 2 ft 3 in traverse, and the bank is split into two halves on the 
length dimension, thus allowing for closing the gaps between 
plates which arise from the unbalanced ‘feed in’ from the 
leveller and ‘take off’ for shearing. 

Turnover equipment for inspection of both sides of the plate 
is provided. 

After marking for test pieces, the plate moves down to the 
first set of crosscut shears. Plates are manipulated by magnetic 
shifting devices and the front cut is taken, scrap being fed on to 
a small roller conveyor, down a chute and into an alligator 
scrap shear. 

The shears are electrically driven on the rocking-blade 
principle, the maximum rake of the blade in the cutting cycle 
being 24°. The blade is 152 in long and the speed of cut is 
15 strokes/min. 

The plate then moves down to a rotary trimmer/slitter com- 
bination which has blades of 314 in dia. The moving head of 
the trimmer allows plate widths of 314 in up to 144 in to be 
dealt with, and alignment is carried out by the sighting of two 
width gauges along the length of the plate. 

The plate is then clamped by magnetic handlers and is 
entered into the shear, the side scrap being fed down chutes to 
rotary scrap choppers, each of the chopper heads having four 
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D 12-ft roughing mill 
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blades. The chopped scrap is fed onto a conveyor which dis- 
charges into scrap boxes, for return to the melting shops. 

The slitter head, which is 20 ft downstream from the trim- 
mer, can slit plates up to a maximum width of 69 in down to a 
minimum width of 48 in. After rotary cutting, plates pass 
down to the second set of cross-cut shears, which is a duplicate 
of the first but has additional facilities in the form of a squar- 
ing device and a length gauge. The sized plates are then either 
pushed off the outgoing shear tables on to unpiling tables for 
loading, or carry on down the line for further treatment before 
despatch. 

It is not claimed that the slab and plate mill layout as 
described is the ultimate and above criticism, particularly 
with regard to the feeding of stock to the slab mill, and slab 
and crop disposal at the shears, and also with regard to the 
disposal of product at the end of the plate shearing line. A lot 
of thought was given to many problems when the installation 
was designed but, as always, operating experience has brought 
unpredictable problems to light; some of these have been 
solved and others are still being tackled. 

Nevertheless the equipment has already proved that its 
potential is above design figures and it therefore does credit to 
those responsible for the engineering of it 


Universal beam mill 

Mr Farrington: The planning of the universal beam mill for the 
Frodingham section mills began early in 1959. By July an 
agreed plan had been prepared, and by September, the 
scheme had been finalized and all main orders placed. It is 
expected to have the mill in commission by the middle of 1961. 

The mill is being installed to meet future customer demands 
for universal or parallel flange sections. It is designed to roll 
universal beam from 8 in x 54 in to 24 in x9 in and column 
sections from 6 in x 6 in to 12 in x 12 in. 

Ingots of 4 and 6 tons (possibly of 7 or 8 tons in future) are 
heated in a battery of soakers and reduced to the appropriate 
bloom in a 42-in cogging mill. After shearing the blooms are hot 
charged and raised to rolling temperature in a side-charged 
bloom reheating furnace. They then pass to the 3-stand 32-in 
section mill. The finished sections pass to the hot saw, mechan- 
ical cooling beds, roller straighteners, and beyond for final 
finishing and despatch. 

The 42-in mill also rolls 5-in blooms for the 15-in mill as well 
as a certain amount of semi-finished, but this is mentioned 
only because it was a condition of planning that these two 
duties must continue to be catered for. 

The universal mill installation consists of: 

(i) an ingoing transfer bank 120 ft long 
(ii) a universal roughing group including edging stand 
(iii) roller tables of 200 ft and 252 ft 
(iv) a universal (single pass) finishing mill 
(v) an outgoing carrier/transfer bank 240 ft long 
(vi) two 50-ton EOT cranes 
(vii) new mill office 
(vill) a new mill bay 
(ix) new sub-station and accommodation for other 
auxiliary electrical equipment 
(x) modifications to existing mill roller tables 
(xi) moving the 32-in mill main driving motor, including 
provision of new pinions 
(xii) alterations and additions to mill buildings 
(xiii) modifications and extension of water clarification 
facilities and scale collection facilities. 
(Note: Items (x)—(xii) were carried out during the summer 
shutdown, 1960.) 


It was demonstrated early in the investigation that both 
technical and economic considerations dictated that the 
universal mill must rely on the existing 42-in and 32-in mill 
facilities. 

It took a little longer to appreciate that for the same reasons 
the installation must also be contained within the rectangle 
bounded by the public highway to the west, the mechanical 
cooling banks to the east, by the 15-in mill to the north and by 
the 32-in mill to the south (see Fig.1 of the paper). 
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This east-west limitation forced us to adopt rather shorter 
intervals between units than were originally requested by the 
production department basing on their existing practice; but 
from information gathered over a wide field the intervals 
available are now thought adequate for the particular duty. 

The long transfer bank to carry the finished section to the 
existing saw roller table was adopted as a preferable alterna 
tive to many unsatisfactory arrangements for an independent 
hot saw. 

The rollers in the tables are shell type at 6 ft centres, 144 in 
dia. and in general 4 ft wide. The roughing mill main dipping 
tables and extension tables are individually driven by 14 hp de 
motors with Ward-Leonard control. The remaining tables are 
driven by individual ac induction floating motors designed for 
reversing duty and having a speed range of 237-75 rev/min, 
backed up by frequency converters 

The main drive units are as follows: 


Speed 
Mill hp rev/min 
Universal roughing 5500 60-150 
Edger 1500 110-275 
Universal finishing 2500 60-150 


(Designed to 
reverse only in 
emergencies or 
for maintenance) 


Designed accuracy of speed control +- }%. 

For the conversion equipment, mercury-are rectifiers back 
to back are provided for the roughing and edging stands. 
Mercury-are rectifiers with armature reversing switch are 
provided for the universal finishing stand. 

The horizontal rolls are located from the open side. The top 
platform contains the secrewdown motors for the vertical rolls 
and the screwdown motor for the top horizontal roll. The 
‘screw up’ motor for the bottom roll is located on the bed 
plate. Each system is mechanically coupled and provided with 
magnetic clutches to enable the individual settings to be 
obtained and adjusted from the control pulpit during the 
course of rolling. 

The screwdown in the roughing group is provided with pre- 
set position control from panels which also control the relative 
motor speeds on each pass. The boards are designed for eight 
passes and for screwdown steps of 0-01 in. On the finishing 
mill the serewdowns are Ward-Leonard controlled for manual 
operation of each screw. The designed accuracy of setting is 

2 thou. on each screw, i.e. 0-004 in where the screws work 
in opposition. 

The roller tables are speed-matched with the main drives up 
to the maximum speed of the roller tables. The control is 
arranged for automatic or independent manual operation. 

The two universal mills are designed for 52—50-in dia. hori- 
zontal rolls having a turndown dia. of 46} in, or if a smaller 
vertical chock and roll is used, of 44 in. The vertical rolls are 
38-34 in with a 15-in face, or the smaller ones 34-30 in with a 
10-in face. The edging stand has 36-27-in rolls. All mills are 
fitted with Timken taper roller bearings. The roll neck diam- 
eters on the universal stand are 19 in horizontal, 17 in vertical, 
and 15 in on the edging stand. The method of roll changing is 
as follows. The bottom horizontal roll is changed on a con- 
ventional sledge. The top horizontal roll is lifted by the balance 
gear, after withdrawing the screws, until the balance cross 
head comes level with the withdrawal bracket. Both are so 
arranged that the top roll can then be drawn out of the mill by 
means of a rope from the overhead crane. From this position it 
can be lifted by the overhead crane. 

The offside vertical roll can be changed by crane without 
touching any of the other rolls. To change the drive side vertic- 
al roll, it is first necessary to disengage and swing aside the top 
spindle and to withdraw the top horizontal roll a little way as 
though for changing. 


Dr H. R. Mills (BISRA): The great extent of the improvements 


which have been and still are going on at the Appleby-Frod- 
ingham works is striking. This makes it difficult to comment 
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70 Discussion on developments at Appleby-Frodingham 


on the whole paper, and so my remarks will be confined mainly 
to the rolling mill developments, the description of which 
occupies the greater part of the paper. I shall begin, however, 
by mentioning briefly a few points arising on other parts of 
the paper. 

It is interesting to note that the Frodingham Company were 
pioneering as far back as 1902, when they installed the first 
tilting OH furnace in Europe. The more recent pioneering 
developments which immediately spring to mind when Appleby- 
Frodingham is mentioned are the Ajax steelmaking process 
and the use of 100% sinter burden. All new developments 
inevitably run into unexpected troubles, and the hard driving 
of blast-furnaces with 100% sinter burden is no exception: 
there has been a certain amount of trouble due to failure of 
mechanical parts at the blast-furnace. I should like to ask the 
authors what is the real cause of this. Is it because the sinter 
burden is very much more abrasive than the normal burden; is 
the dust content of the gas at the furnace top greater; or is it 
merely a matter of so much more material being put through 
the system in a given time? 

Turning to the mill furnaces, I have noted with interest the 
great variety of soaking pits installed. Is this variety due 
mainly to a desire to find out by a full-scale trial the relative 
merits of different types of pit, or are the different pits used for 
different purposes? In the light of the experience gained so far, 
what would the authors recommend if they were putting in a 
completely new installation for a plate mill? Which type of pit 
would they use, or would they again have a combination of 
different types? I should also like to know what has been their 
experience with the metallic recuperators, which have now 
been working for some time. Have there been troubles with 
maintenance? 

I should be interested to learn the reasons for the choice of 
bogie-type reheating furnaces rather than continuous pusher 
furnaces. Is it due largely to the great variety of slab sizes with 
which they have to deal? With five furnaces, and presumably 
slabs needing different heating times in each, what method is 
used for keeping track of what is in each furnace and identi- 
fying the next slab for rolling? 

Turning to the mills themselves; the extent of automatic 
control is not very large. In the slabbing mill only the screw- 
down appears to be automatically controlled, and in the plate 
finishing mill only the interlocking of the manipulators; never- 
theless this small amount of automation in the mill has en- 
abled them to reduce the operating crew to a single man. This 
is interesting, because it means that any further automation of 
the rolling mill has to be justified on other grounds than reduc- 
tion in man-power. 

Has any consideration been given to applying position 
control in other parts of the rolling mills? One application 
which seems to me to be called for is in the rotary shearing 
line. The adjustments of the width between the trimming 
shears and the position of the slitting shear, and the adjust- 
ment of the shear gaps for all three shears, could then all be 
made concurrently, the operator merely having to set in the 
known thickness and desired widths on push-buttons. This 
should undoubtedly speed up the operation of the shearing 
line. 

While on the subject of plate width, I should like to know 
how the plate is rolled to the required width in the roughing 
mill. Does the roller simply make a calculation at the beginning 
and calculate the total reduction in thickness required in the 
roughing mill to provide the required increase in width, using 
the information on slab width and thickness provided for him, 
or does he make any measurement of width at any inter- 
mediate stage of rolling? Has any consideration been given to 
the installation of a width meter? Since the slab has been 
turned through 90° at this stage, the width meter would have 
to measure in the direction of rolling, preferably without 
stopping the plate, but this can now be done by optical means 
and at least one such width meter is available. If installed at 
the side of the mill at which width measurements are normally 
made it could measure the width before the last two passes in 
time to allow final adjustments to be made to draft in the last 
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pass, and could then check the final width after the last pass. 
This should allow the trim allowance on width to be minimized. 


Another problem in which instruments may be able to help 
is that of securing uniformity of thickness. Screwdown setting 
gives some measure of thickness, but this is checked finally by 
direct measurement of gauge. Hand gauging can measure only 
the thickness near the edge, and it may be of some advantage 
if the thickness can be measured in the centre. This can be 
done by some form of radiation gauge. Radiation gauges are 
now available for thicknesses up to 3 in. What method is used 
at Appleby-Frodingham? 

The distribution of work between the roughing and finishing 
mills is another interesting problem. All the necessary rolling 
to width is no doubt done in the roughing mill and then the 
plate is turned and rolled lengthwise. At what stage is the 
rolling in the rougher stopped and the plate passed to the 
finisher? I imagine that the object is to equalize the time of 
rolling in these two mills so that neither has ever to wait for 
the other, but who decides this and on what basis is the deci 
sion made? Is it simply a question of the roller’s experience? 
If so, how nearly does he achieve this ideal of equalizing the 
work between the two stands? 


Mr Atkin (in reply): Referring first to the troubles associated 
with a high sinter burden on the blast-furnaces, the advent of 
the high sinter burden made possible very high rates of blow- 
ing because of the increased permeability of the furnace 
burden. This means, of course, that the velocities of the blast 
air through the furnace are increased. The sinter has a greater 
dust content than is obtained with the normal ore-charged 
furnace, and we can ascribe almost all our troubles to the 
highly abrasive nature of the dust emitted from the top of the 
furnace. Similarly the highly abrasive nature of the burden 
was the cause of premature lining failures. 

The next question referred to the mill furnaces and to the 
different types of soaking pit used. Two types of pit are 
required. The first type is required to maintain the tempera- 
ture of the ingot as poured and control the rate of heat dissipa- 
tion from the centre of the ingot outwards. The second type of 
pit is that required to bring up the ingots to a rolling tempera- 
ture. The ingot temperature can be maintained in two types 
of pits: the electric soaker, and the controlled cooling pit. Both 
types are in use at Appleby-Frodingham, and both perform 
their function very well, the energy consumption and scaling 
being of a low order. 

On gas-fired pits with the metallic recuperators there were 
initial troubles, mainly at the bottom plate of the recuperator 
and the connexion of the recuperator tubes. This was due to a 
deficiency in design and construction, particularly with regard 
to welding, but now most of the defects have been rectified 
and performance is satisfactory. 

As for the reasons for using the bogie-type reheating furn- 
ace, Dr Mills himself almost gave the answer. The point is that 
the run-of-mill slab varies so much in thickness and size that 
there has always been reluctance to put in pusher type furnaces. 
The bogie type were chosen primarily because of their ability 
to accept the very great variations in slab dimensions. 

On the question of automatic control as applied to rolling 
mills, we admit to having only scratched the surface of the 
possibilities. Our slab mill works very well on the present 
screwdown control mechanism. The complete automation of 
the mill would demand the employment of one man to ensure 
the automatic control was effective. The one control man in 
use has a single lever controlling the main tables and the 
direction of the mill rolls, and the screw gear is automatically 
initiated by photocells. One of the big difficulties with a prim 
ary mill is to get some automatic devices to control the 
manipulator movement. 

On the question of applying position control on other mills, 
Mr Farrington has already mentioned the pre-setting of the 
roll gaps in the universal beam mill, and on the 12-ft finishing 
mill we hope at some time in the future to couple the load cells 
to thickness gauges to ensure that even taking into account 
roll spring and spring in the housing we shall be able to set up 
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the mill for a given roll load and schedule drafting based on 
that roll loading. 

More work has to be done on the application of automation 
to the positioning of the trimming blades on shears. Our 
equipment includes a pre-set device for the setting of the 
blades for a given thickness of plate, so that the operator 
pre-sets for the gap, axially and vertically, on the trimmer 
blades before he receives the plate. This undoubtedly speeds 
up the operation of the shearing line, but that is not the big 
difficulty. It has been proved that the hold-up in the shearing 
line (if it can be so described) does not arise in connexion with 
the capacity of the shears themselves. Some four weeks ago an 
experiment was set up: a stock of plates was built up so that 
they were all ready for shearing. Up to that time the average 
number of plates put through the line was of the order of 100 
per shift, but as soon as the shearing line could be presented 
with an uninterrupted supply of marked plates, the through- 
put increased, and in one shift of 74 h, 179 plates were pro 
cessed, proving that the hold-up was not in connexion with the 
shears but arose from the marking, sorting, and assembly of 
suitable shearing schedules. 

The intention in the future is to install an optical plate- 
width gauge in the plate mill. At the present time, as Dr Mills 
says, it is necessary to bring the semi-plate or slab from the 
roughing mill, turn it, and measure mechanically the width. 
and if necessary turn it again and take another pass to get the 
required width. 

With regard to the distribution of work between roughing 
and finishing mills, Dr Mills has provided the answer. In the 
main it is dependent on the experience of the rollers, even 
though work studies have been carried out to try to ensure 
that the work balance between one stand and another guaran- 
tees full occupation of both stands. 

On the question of instruments to indicate uniformity of 
thickness, I agree we cannot do it by hand gauge. A hand 
gauge gives only the thickness of plate at the edge, but with 
modern 4-high finishing mills, the variation in thickness 
across the plate can be controlled well within the commercial 
limits. Nevertheless, consideration is being given to the 
applications of radiation measuring devices 


Mr H. Billings (Shelton Lron and Steel Company): I am par 
ticularly interested in the section of the paper dealing with the 
universal mill. 

Why was the edging stand placed in front of the universal 
roughing mill? 


Mr Farrington (in reply): It is not really ‘in front’ in the 
accepted sense. It happens that it is so with respect to the first 
pass in our layout. With respect to the last pass it trails. The 
decision to install the edging stand downstream of the rough 
ing mill was taken after sounding other mill operators’ opinions 
and on firm recommendation from the mill builder. In this 
position in our layout it will act as pinch rolls on receiving the 
leader pass from the 32-in mill. It also makes it possible for the 
flanges to be touched up in the penultimate pass in the 
sequence. 


Mr H. L. Trafford (John Thompson Ltd): First, from the 
point of view of a user, are you proposing on your new plate 
mills to install plant for the ultrasonic inspection of your 
plates, so as to avoid the possibility of getting laminated 
plates into a user’s works, where laminations would show up 
only after a certain amount of welding had been executed? 
Secondly, purely from curiosity, when you referred to fabric 
bearings on the rolling mills and gave some figures for what was 
described as wear, is that actual wear or compaction of the 
bearings which has the appearance of wear? 


Mr Atkin: The material from which the fabric bearings are 
made has a high resistance to compression and the loads im- 
posed are well within the material capacity. There is wear 
caused by abrasive materials, or the breakdown of a lubricat- 
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ing film, or a failure of services, water, oil, ete. On the question 
of ultrasonic testing of rolled plate, equipment is now being 
installed to enable specified orders to be tested. 


The Chairman: Can you give a definition of a laminated plate? 
Mr Atkin: No, Sir! 


Mr A. W. Cherry (International Construction Company): I am 
interested to read in the paper, under ‘Ore-preparation plants’, 
that ‘In 1959 an experimental granulating drum was intro- 
duced to feed one of the Seraphim sinter strands’. I shall be 
glad to know whether there has been any marked increase or 
decrease in output as a result of that. 

I notice that in Table I of the paper the sinter production 
for 1958—59 is given as a little over 3800000 tons for the year 
At the end of the paper dealing with future developments in 
regard to ironmaking, it is stated that when complete the 
combined sinter plant capacity will approach 150000 tons/ 
week, but 40000 tons of this will be returned fines, which means 
only 110000 tons/week of useful sinter. Does the figure of 
3800 240 tons in Table I represent blast-furnace sinter, or does 
it include returned fines as well? 

It is mentioned that one of the difficulties in increasing the 
speed through the rotary shear line is the marking of plates. 
Is there a mechanical marking system, or has any thought 
been given to it? 

Another point in regard to the rotary shear line is that on 
both the slitter and the trimmer the top and bottom blades are 
the same size. That is an important consideration from the 
point of view of spares, but there is a school of thought which 
holds that the blade sizes should differ. Have you any views 
on that? 

The mill speeds are given as 40 to 100 rev/min. It would be 
interesting to know how often rolling is done at the top speed 
Is the general speed near to the base speed or to the top speed? 


Mr Atkin: An experimental granulating drum has been 
installed on one of the existing sinter strands. The pellets pro- 
duced give rise to an increase in the permeability of the bed 
across the sinter strand to such an extent that for the first 
half of the strand the permeability is increased by some 26%. 
Thereafter I understand that it decreases, but remains above 
that obtained from the normal sinter mix. 

With regard to the shear line and the marking of plates 
there is a very real problem. Originally it was thought that 
the first cross-cut shears would provide the reference edge to 
enable the plate to be entered into the trimming combination 
at right angles to the leading edge of the plate. This is not so in 
practice, and it is now thought that a reference line is required 
in the length of the plate which will be used throughout the 
shearing operation. This reference could be marked by a 
mechanical device and thoughts are being directed towards 
some such device 

On the question of the diameters of the blades on the slitter/ 
trimmer combination we cannot comment on this because we 
have equal blades of 314 in dia., and it is an advantage from 
the point of view of maintenance to have them all the same 
size. The quality of the cut on our slitter/trimmer combination 
is very good, and certainly commercially acceptable. Perhaps 
someone else can express an opinion on the advantages of 
different sizes of blade. 

With regard to mill speed, the studies which we have made 
show that the stock is in the mill rolls for only 30% of the 
total cycle time, and therefore mill speed is not as important 
as the speed of manipulation, the drafting which can be 
applied, and the acceleration and deceleration of the mill. On 
mills with short pass times it is rarely possible to attain speeds 
above the base speed of the motors. 


Mr Farrington: The figures in Table I are net changed to blast- 


furnace figures. The 110000 tons is also a net figure which will 
be attained when our current development project is complete 
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Discussion on investigation of failures in a blooming mill 


At the second session a paper entitled ‘investigation of failures 
in a blooming mill’, by F. EL. Stacey (John Lysaght’s Scun- 
thorpe Works Ltd), which was published in the October 1960 
issue of the Journal (196, 195-207), was presented by the 
author. 


Mr Stacey, in presenting his paper, showed some of the illustra- 
tions which were included in the published version and 
explained them in greater detail. He also drew attention to two 
errata in the published version: on p.195, line 37, ‘10500 ingot 
tons per year’ should read ‘10500 ingot tons per week’; 
Table I was incorrect (the correct form is given below). He then 
said: The object of the tests which were carried out was to 
determine the mill loading torque applied to driving spindles, 
operating temperatures, mill power consumption, and bearing 
pressure conditions of the motor shafts, with the object of 
deciding if the operating conditions of the mill were covered by 
the design. 

Findings from the tests showed that the knock within the 
coupling area occurred 2 s before the entry of the material into 
the ninth pass, as can be seen in Fig.A. 

This corresponded to the point of rolling, when heavy draft- 
ing occurs with the material turned on its edge. The vibration 
caused by this knock occurred only in the vicinity of the coupl- 
ing and gearbox, showing on the torque trace as oscillations. 

Disappearance since the fitting of the flexible coupling indi 
cates that the noise emanated from the slab coupling area but 
does not verify that the cause had been removed. The absence 
of unusual values of loading or spindle torque, indicate that the 
process of rolling did not inflict any high stresses upon the plant. 

Inspection carried out during the stop period to the pinions, 
palm end of spindles, and carrier pivots showed no indication 
that they had been subjected to heavy impulse loads. The 
pinions did, however, show signs of excessive pitting and wear, 
the result of using an unmatched second-hand pinion that was 
in a relatively poor condition when fitted, an action which 
should, under normal circumstances, be deplored. The original 
bottom pinion at the time of the breakage had been in good 
condition, but had suffered greatly in simulating the mating 
conditions and irregularities of the temporary replacement. 

The maximum loading and torque occurred during tests 
carried out in the rolling of the steel that is considered to be the 
most difficult within Lysaght’s manufacturing range: silicon 


TABLE | Typical monthly rolling cycle (corrected form) 


manganese. The maximum load recorded was 700 tons, com- 
pared with a permissible load of | ton/in? of mill post area, a 
total of 1800 tons. The greatest torque recorded was 4000 ton 
in, calculations showing that at this torque the stresses in the 
slab coupling, pinions, spindles, and roll necks were well within 
the design limits of the respective materials. 

For the general conclusions, it was stated from the results of 
the tests, resultant calculations showed that the shear stresses 
in the members of the mill train were not exceeding conditions 
envisaged and that they were covered under the initial mill 
design. If the mill is operated under conditions prevailing at 
the time of the tests, major breakdowns to equipment should 
not occur, as the plant was working well within its capacity. 
(Malpractice and mal-operation of the plant have not, of 
course, been mentioned, but it is assumed that there is ample 
coverage within the plant design.) 

The modification carried out by the fitting of the flexible 
coupling indicated no appreciable effect upon the performance 
of the mill, but dispelled the unexplained noise at the coupling. 
It should result, however, in the elimination of maintenance 
troubles in this area, and remove the mechanical shock from 
the motor, this being absorbed by the rubber elements in the 
coupling. 

To decide whether to hold spares of the nature of pinions, 
etc., to await installing upon a breakage or life basis is not the 
object of this paper. However, I believe that one must take a 
certain number of risks. In the instance of the pinions, if it had 
been decided to take a calculated risk, it was unfortunate that 
it failed, but by good fortune and goodwill between com 
petitors, it was possible to borrow a second-hand pinion that 
had been replaced on a life and wear basis. It has been 
Lysaght’s pleasure, if such a phrase may be used in the cir- 
cumstances, to repay the kindness of Messrs Steel, Peech and 
Tozer in assisting them, during a recent breakdown in which 
they had the misfortune to lose their main mill pinions. 
Lysaght’s supplied a spare set of resleeved pinions for use 
within their mill, pending receipt of replacement pinions. It 
might be mentioned that while these pinions are practically 
identical there are instances of slight differences, for example, 
diameter of coupling location and palm and brass location, and 
I would suggest that thus the benefit to be obtained from 
standardization of major pieces of plant within the industry 
could not be better illustrated. 








Week Description Finish dimensions Tonnage Cogging dimensions 
I Sheet bar 12 in wide « 0-25-0-9 in thick 2500 12} in wide x 2} in thick 
Blooms or slabs 500 5xin 5 in or bl in wide 
Slabs 5 in wide x 2 in thick up to 9 in x 2 5000 5$+in wide x 5 in 
Billets 4inx 4 in 1000 7 in 7 in 
Billets 23 in 2} in 2000 53 in « 54 in 
11000 
2 Sheet bar 12 in wide x 0-25—-0-9 in thick 2500 124 in wide x 24 in thick 
Blooms or slabs 250 5 in x 5 in or slabs 11+ in wide 
Billets 34 in x 34 in 1050 6 in x 6 in 
Billets 24 in x 24 in 3.000 6 in x 6 in 
Billets 2} in x 2} in 4200 54 in x 54 im 
11000 
3 Sheet bar 12 in wide x 0-25—-0-9 in thick 2500 124 in wide x 224 in thick 
Slabs 10 in x 2 in up to 16 in x 2} in 5400 10} + in wide x 4} in thick 
Billets 2} in x 2} in 3100 54 in x 54 in 
‘ Sheet bar 12 in wide x 0-25-—0-9 in thick 2500 124 in wide x 2} in thick 
Blooms or slabs 300 5 in x 5 in or slabs 1i + in wide 
Billets 3 in x 3 in 3000 5 in x 5 in 
Billets 2 in x 2 in 600 5 in x 5 in 
Billets 2} in x 2} in 4600 5$ in x 54 in 
11000 
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A Pinion shaft failure 


We have not been without our electrical troubles at Nor 
manby Park. The inclusion of a failure from the electrical 
aspect is given to broaden the scope of discussion and to assure 
mechanical engineers that such things as electrical failures 
within the works do occur. The episode [ include is that, in 
December 1957, a failure occurred on the main drive motor, 
which in turn drives the equipment we have been discussing. 
This suffered severe damage due to the loosening of an interpole 
keep plate that is normally retained on to the pole face by two 
4-in dia. set screws. These came adrift and fell into the air gap 
causing extensive damage to the armature and magnet frame. 

Figure B shows the plate and the remains of the two screws 
and Fig.C a view of the armature before repair. The score 
mark round the periphery of the armature can be clearly seen 
as well as the localized damage to the armature core plates 
Figure D shows a close-up of part of the armature after remov 
al of the coils, showing the way in which the stampings had 
been distorted and Fig.£ is a similar view showing the position 
at which one of the screws was found solidly embedded in the 
armature. Note the profile of the screw thread in the armature 
stampings. It was concluded that the fault occurred owing to 
the inadequate locking of screw heads during manufacture. 





B Plate and remains of two screws 
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In the course of repairs 66 top coil sides and two bottom coil 
sides in the armature were renewed, all slot wedges being 
replaced. Repairs were carried out in eight places to the com 
pensating winding on the magnet frame, and the core and slots 
were dressed up by filing 

It was only due to having 1/3 of a set of armature coils 
available as spares that enabled the motor to be recommission 
ed within eight days. After this, and during March 1959, the 
banding wire over the duty risers loosened and the machine 
flashed over. It is virtually certain that this fault was due to a 
slackening of the band, followed by movement towards the 
armature core which would bring the wire into contact with 
the bare portion of the armature coils. This failure was recti 
fied and the machinery commissioned within 46 h. Since then 
the armature has been completely rewound, this being carried 
out during the stop period of 1960. 
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C View of armature before repair 
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D Close-up view of armature after removal of coils 


Mr M. F. Dowding (Davy and United Engineering Co. Ltd): 
The author’s excellent paper dealt frankly with the misfor- 
tunes which his company have had with their blooming mill at 
Normanby Park. I should like to think that this is the first of a 
series of papers in which we shall be told of things that have 
gone wrong, instead of always hearing of things which go right. 
In this Engineers Group we shall benefit by learning of the 
mistakes which we and others have made, and we can benefit 
from these mistakes in the development of our plans for the 
future 

In the years immediately following the last war I remember 
that every civil air line crash of which we heard concerned a 
DC3, and people began to think that the DC3 could not be a 
very safe machine. Only later was it realized that all the civil 
airlines were flying DC3’s, so that it was only natural that if a 
machine crashed it was a DC3. In a lesser degree the same 
applies to Davy and United rolling mills. In 1954 our Chair- 
man’s slabbing mill had a monumental crash, when the large 
coupling connecting the jackshaft to the spindle slipped on its 
shrink fit (we found it had been shrunk with the aid of a little 
tallow); in doing so it ploughed up a key across the face 
coupling which caught on various projections and the whole 
thing came to a grinding halt. It took 17 days to get it back 
into action. At that time some of us were engaged in trying to 
sell a new slabbing mill to Dorman Long. It was not the most 
auspicious moment to sell a new mill, but when we explained 
what valuable experience we would be incorporating in the new 
design we obtained the order. It is only by learning from one’s 
mistakes that development is possible. 

Taking the failures in the order in which they are dealt with 
in this paper, the first is the breaking of the spindle head, No 
doubt many people have experienced failure at this universal 
joint. It is not in fact entirely universal, and it is a very highly 
stressed member; very large torques can be imposed in the mill 
drive even if only as transients. We decided to make the 
spindle head removable, and we did so by fitting it by Bratt 
mounting rather by than shrinking, so that it is possible to 
take off the old head and put on a new one without damage to 
the shaft. The slab coupling has been replaced in a number of 
instances by the Holset coupling, as at Normanby Park, the 
Holset coupling having proved a very valuable feature in this 
part of the drive 

So far as pinions are concerned, the obvious solution is to do 
away with them altogether, by using a twin drive, and this is 
standard practice in slabbing mills designed today, except 
where this is not possible because of other conditions, as in the 
case of the mill described during Session I. Where we are forced 
to use a pair of pinions for torques of this magnitude we have 
changed the design of pinion, and instead of having a carbon 
steel sleeve shrunk onto an arbor we now make the pinion as a 
solid forging in cheaper metal than the old sleeve, probably 
En9, and this is found more satisfactory. We have decided that 
all mill pinions shall be forged. 
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E View showing position of screws embedded in armature 


In the mill described in this paper no mention is made of 
any trouble with the line-shaft or mitre wheels. These at Con- 
sett were a particular trouble, which we have overcome 
largely by having no line-shaft or mitre wheel. The right 
development today in the design of a mill table is to make very 
heavy frames with individual drives. This is very well illus 
trated in the paper on the new Appleby mill. 

My next point concerns the recurrent question: what spares 
shall be carried? I agree with the author that a large piece of 
plant such as a primary mill should not be put in jeopardy 
because the mill manager or the managing director has not 
been willing to pay the price for spares. Very large components 
which take several months to supply should be held as spares. 

Finally I should like to ask whether or not it is worth while 
building into a transmission line a protective device and 
having shearing couplings and pins, so that when something 
breaks, it is something which, as it were, ought to break. We 
have usually found that when we have put in shear pins in 
mild steel they break once or twice and then the maintenance 
engineer replaces them in stainless steel, so that they lose their 
purpose. Until maintenance engineers realize the proper func- 
tion of shear pins there is no point in designers including them 
in their designs 


Mr Stacey (in reply): It is gratifying to know that as a manu 
facturing representative you are in agreement that the faults 
of a plant are as important to you as are the good performances 
obtained 

I noted the comments on shrinking with the aid of tallow. 
This process I thought was obsolete many years ago as it pro 
vides greater resistance, collects foreign bodies, and gives false 
tonnage readings of press fits. Surely, pastes such as mercurial 
ointment are preferable for these applications. 

Mention has been made of the ‘Bratt’ mounted system of 
spindle coupling fitting. This is not the application as fitted at 
Normanby Park; I can only assume that this refers to the 
Dorman Long plant. The benefits to be derived from this 
fitting are fairly limited. It is my opinion that, subject to the 
accuracy of machining, the ensuring of correct assembly and 
only occasional removal, the system is satisfactory, but from 
personal experience the system is unsatisfactory when con- 
tinual changing of components is necessary: the taper bore and 
sleeves are subjected to undue wear, scoring, and general 
damage with consistent removal and fitting. Should there be 
incorrect fitting carried out, it is certain that the component 
will turn relative to its shaft with dire results. 

It is interesting to hear Mr Dowding’s remarks with refer- 
ence to the twin drive system against the use of a motor trans- 
mitting to and through a gear unit. With respect to sleeving of 
pinions, I feel that the initial cost of solid pinions against 
sleeved pinions is comparative, but as a purchaser of equip- 
ment I feel that should the teeth of a solid pinion of this size 
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be damaged it would be necessary to contemplate the turning 
down of the pinion area to form a mandrel to receive a replace- 
ment sleeve. This does not mean, of course, that I would con- 
sider sleeved pinions in an initial condition, unless of course, 
design and cost conditions warranted dissimilar gear to mandrel 
steel specifications. 

The subject of lineshaft drive to roller tables has been men- 
tioned. The experiences of Normanby Park engineering 
departments do not justify condemnation of this method from 
the breakage of plant aspect. It is fair to say, however, that in 
the event of a broken roller in a table it is impossible to ‘dummy’ 
the table; this necessitates the immediate rectification of fault. 
Personal preference on tables of the type under consideration 
is for individual drives to rollers. This facilitates expedient 
changing of rollers, when convenient, and the possibility of 
carrying on production with a dead roller if conditions do not 
permit immediate down-time. Against this, of course, must be 
considered the cost factor which may be greater. 

It is gratifying to hear that a manufacturer is in agreement 
with me with respect to holding of spares, though this is to be 
expected as they will possibly be called upon to supply same. 
This is a point upon which I feel very strongly, as the paper has 
indicated. 

The comment onshear pins isa very good point, but one which 
seems hard to put over to the practical man. The important 
factors for an effective shear pin must be the cross-section area 
at the shear point, the material specification, and the quality 
of the machining of the groove and, of course, accessibility for 
changing. There must be many present who know of instances 
where shear pins have been increased at the shear point to pre- 
vent breakage to the pin, ignoring its prime function of pre- 
vention of damage to other more expensive equipment. It is 
the duty of the engineer to educate the non-initiated in the 
proper use of shear pins. This includes production personnel as 
well as the fitter at the shop floor level. 


Mr H. 8. Brown (English Electric Company Ltd): Mr Stacey in 
his presentation of the paper has given some details of the 
breakdown that occurred on the main drive motor some years 
ago. Some of the wider implications consequent upon this 
breakdown are also of interest, and I think worth mentioning. 

The form of interpole construction shown had been used on 
other main drive motors and it was important to ensure that a 
similar breakdown did not occur elsewhere. Several kits of 
special inspection equipment were therefore made and teams 
of engineers were sent out to inspect all motors in operation 
where this form of construction had been used. In all cases 
where it was found that the locking of the particular screw 
which caused the damage at Lysaght’s was not satisfactory, 
the situation was corrected. 

Where experience on one equipment reveals the possibility 
of trouble occurring on other similar equipment, it is import- 
ant that all steps be taken to preclude this possibility, even if 
it appears very remote. It is also important to ascertain how 
the original error arose and take steps to ensure that it is not 
repeated. In this case the original difficulty arose because, 
although the locking could be inspected, it was difficult to 
satisfactorily check its effectiveness. The method was therefore 
modified immediately to one which could be very readily 
inspected and checked. 

Mr Dowding mentioned the problem of shear pins. Although 
we have not used them greatly ourselves we have been con- 
cerned in the drives for equipment where they have been used 
and two experiences may be of interest. The first one was on a 
large bloom mill (not in the UK) where shear pins were used in 
the transmission from the main motor to the pinion housing. 
Trouble was experienced owing to pins breaking under normal 
operating conditions and larger pins were installed by the 
operation staff. However, the larger pins also broke and a 
satisfactory compromise could not be achieved. In the end the 
shear pins were dispensed with. The conclusion was reached 
that because of the number of pins used it was impossible to 
get them all to take torque simultaneously. Therefore, prob- 
ably two pins took the torque to start with and consequently 
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were overloaded and sheared. Thereafter another two pins 
took up the load and they in turn failed. 

The other experience was with a drive (also not in this 
country) comprising an induction motor and flywheel where 
shear pins were used in the coupling between the flywheel and 
the pinion housing. This mill was on one occasion subjected to 
@ very severe stall. The shear pins did not fail but deformed, 
causing considerable delay while they were removed and 
replaced. 

Concerning spares, it has been interesting to note than in 
recent years there has been a significantly increasing trend for 
users to increase the number of spares which they hold for 
important parts that may take several weeks or months to 
replace. 


Mr Stacey (in reply): The object of including the subject of 
electrical failures was to broaden the scope of the discussion 
and it appears to have justified its inclusion. 

The result of the interpole construction failure, as you have 
heard from Mr Brown, necessitated full-scale investigation 
into the conditions of equipment that English Electric had 
supplied throughout the world. This backs up Mr Dowding’s 
comment that design experience can be gained from mishaps 
under operational conditions. 

I feel that English Electric are to be complimented upon the 
action they undertook in inspecting all the existing equip- 
ment, and consider this to be good after-sales service; also that 
it is a splendid, if not intentional, method of advertising. 


Mr N. Hanton (Dorman Long (Steel) Ltd): With reference to what 
Mr Dowding hassaid regarding Dorman Long I think we should 
have a correct record of the facts. It is true that many people 
were worried at the time about the placing of the contract for 
the Lackenby primary mill. At the same time negotiations 
were proceeding for the purchase of the other plant from the 
USA. Eventually the order for the primary mill was placed on 
Davy and United, who accepted completely our method for 
handling such a job. This consisted in the main of the examina- 
tion of every detail drawing by a small sub-committee of 
design, operating, and maintenance personnel. Any alterations 
for which we asked were readily agreed to by Davy and United 
and in this way between us we finally arrived at what is con- 
sidered to be a good mill installation. 


Mr D. R. M. Nisbet (Appleby-Frodingham Steel Co.): I was 
interested to hear that the repairs to the motor were expedited 
because spare coils were held in stock. I should like to know 
how long they had been in stock, how they were stored, and 
had any work to be done on them before using? The object of 
the question is to discover if any deteriotation of the insulation 
took place in storage. Swelling during ageing has been known 
to take place. To eliminate the possibility of this, I suggest a 
minimum number of coils already insulated be held, the others 
kept uninsulated. While the insulated coils were bein, fitted 
those left bare could be insulated with fresh insulating mat- 
erial. 


Mr Stacey (in reply): This is largely a matter of policy. I would 
ask Mr Rathbone, who was at that time responsible for the 
repair, to answer the question. 


Mr M. P. Rathbone (John Lysaght’s Scunthorpe Works Ltd): 
We held these coils for five years before the breakdown, stored 
in the Ilgner house basement in sealed containers. The manu- 
facturers and we ourselves considered this to be a satisfactory 
method of storage and in fact when the coils were required 
they were found to be in good condition without dimensional 
alteration. Many works do not have re-winding facilities 
capable of insulating this class of coil, but even where they 
have I would think it undesirable to have to undertake such 
work at the time of breakdown because of the possibility of 
delays to the repair. On the basis of our experience I consider 
that fully prepared coils can be satisfactorily held as spares. 


Commander J. 1. T. Green (BISRA): The importance of this 
subject is generally agreed. Although more data is becoming 
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F Pinion shaft failure 


available, the difficulty remains; it is not often that we can 
make the measurements. The author has given us an example 
of one method of collecting readings of stress in a mill shaft. In 
@ running mill it is difficult to ask the production people for 
permission to come in and take stress measurements; they will 
ask how long it is going to take, and if slip rings are going to be 
used it take a considerable time. The author did not 
mention exactly how he set up his equipment for taking the 


may 


signals from the strain gauges, but I assume that slip rings 
were used. 

It may be of interest to describe what we at BISRA were 
called on to do and how we tried to set up the apparatus during 
one week-end after a failure similar to that described by the 

A 32-in 
blooming mill rolling 2 ton ingots failed in much the same way 
as the author has described, and we were asked to see, after the 


author on a similar mill, though somewhat smaller. 


repair, whether or not we could measure the stresses. 


Figure F shows the position of failure on the pinion side of 


the claw coupling of the bottom shaft. After the spare pinion 
was fitted we carried out torsion trials using strain gauges on 
both shafts. Figure G shows the pick-up rings. These are not 
slip rings in the ordinary sense. They are quite cheap brass 
curtain rails round which is wrapped phosphor bronze spring 
wire. Each wire is led round a series of pulleys to one having 
its spindle running in a mercury cup, from which the signals 
were picked up. 

It would be expected that with a scheme of this kind we 
would get a somewhat fuzzy type of record. That is why we 
never said anything about it, and we did not believe that the 
records could be relied on; but they are so similar to those 











G Pick-up rings 


shown in the paper that I am venturing to show them. Figure 
H shows the torque variation for the upper and lower shaft, 
and above this the roll speed. The point to which I want to 
draw attention is the big difference in the rate of rise of torque 
where the roll speed is zero at the moment of gripping the 
workpiece as compared with when the roll is moving. This is 
repeated in many places in the records and appears to be 
worth investigation. 

Coming to the results obtained, the maximum combined 
torque we recorded was about half that shown in the author's 
paper. The main feature which differs materially from his 
results is the torque ratio top to bottom. Our torque ratio 
varies between 0-23 and 1-1, indicating a torque in the bottom 
shaft of sometimes four times that of the top. At first sight it 
may be thought that the bottom shaft takes an undue share of 
the load and that is why it failed. But this big discrepancy 
occurred only when the torque was very low, so that the torque 
ratio may not be so important and may be misleading if regard 
is not paid to the actual level of the torque. 

Our conclusions are much the same as those in the first 
paragraph of the author’s general conclusions. We could not 
find any cause attributable to the loading of the mill which 
would explain the failure. In that case why does failure occur? 
With due respect to the author’s Fig.27, which gives a plot of 
the stresses in the shafts, we must remember that the shafts 
themselves did not fail. The point is, what is the stress in the 
intermediate bits? What is the ratio of fatigue strength be- 
tween the couplings and the shafts? 

Finally, the author’s figures appear to be calculated for 
static conditions, but if we put a heavy stepped input in at one 


—_—* 





H Torsional strain 


records 
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end we could get a very different situation. We have not gone 
into this yet, so I may be wrong, but I think that it is worth 
pursuing. 


Mr Stacey (in reply): It is gratifying to know that others have 
carried out similar tests and obtained similar results. I must 
not, however, take the credit for the tests described in the 
paper, as I was not responsible for the carrying out of the tests. 
These were carried out by the Davy and United Company and 
Lysaght’s merely provided the facilities and assistance in 
supplying the information they requested. 

It is wrong that there should be the lack of facilities under 
operational conditions for the carrying out of such tests, and I 
must say that from my experience of the steel industry, know- 
ing the co-operation that I have had, not from one competitor 
but many, I am most surprised that co-operation for research 
purposes is not available. It is fully appreciated that in many 
instances the feeling of being a guinea-pig is most undesirable, 
but it does give one the chance of being first in the field with 
the use of a new development. If progress is to be carried on, 
research must be carried out under operating conditions as 
well as on the drawing-board and test beds. 

There were two objects in carrying out the tests described in 
the paper. One was to endeavour to determine the cause of the 
breakages and the second to determine if the mill was operating 
within its design condition or if any overloading to the mill was 
apparent. If these conditions were suitable there was also the 
possibility that the information derived from the tests might 
give rise to improvement of operational techniques and 
naturally an increased tonnage output. One typical comment 
made in the conclusion to the test indicated that in one iso- 
lated instance the screwdown loading was increased during the 
actual pass rolling. This of course is one instance where usual 
inspection of operating procedure would show nothing un 
common but the recordings verify the statement. This type of 
episode might even lead to people recording the full opera- 
tional sequences of a process, as one does with electrical load- 
ing. It is fair to say that if rkajor breakages do occur the course 
is unknown or is subjected to contradiction between two sides. 
The fitting of suitable equipment may in time eliminate doubts 
and give accurate information to assess the cause of break- 
downs. 

Commander Green referred to the breakage of the bottom 
spindle. I must correct this for the record and tell you that the 
offending spindle was located in the top carrier beam. I 
apologize if I gave the wrong unpression, 

No specific information describing the torque strain gauges 
in detail has been included in the paper as it was decided to 
minimize the technical inclusion. It is regretted that no photo- 
graphs were taken of these assemblies. It can be said, however, 
that this section was the weak link in the tests for breakages 
due of course to the continual rubbing especially with abrasive 
dust in the atmosphere. I must emphasize again here that the 
personnel responsible for the exercise of testing the mill were 
supplied by the Research Department of the mill manufac- 
turers. Assistance in the fitting of the necessary equipment, 
and supplying of operational data was the extent of Lysaght’s 
liability. It can be said, however, that during the tests there 
wee mediowe-tieee of lossok production incurred in the replace- 
ment of equipment and carrying out of tests. Any difference to 
the production would only, I suggest, be effective owing to the 
sight of the unknown men in the white overalls and this I 
anticipate would be fully rectified during the hours when the 
white overalls were conspicuous by their absence. 


Mr W. Craig (Davy and United Engineering Co. Ltd): I very 
much welcome such investigations as this into failures of our 
rolling mills, because they give us more precise data on which 
to base our future installations. Mr Dowding used the word 
‘mistakes’, but I do not agree. At the time they were not 
mistakes. This plant was on the drawing-boards in the late 
1940s, and the elements in it which have been put under the 
spotlight today were designed on the basis of the knowledge 
then available of mill work. For instance, the pinions embodied 
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what was then conventional design for high-power trans 
mission, with a chrome—manganese sleeve on a carbon-steel 
arbor. That was the way in which things were done at that 
time, and indeed we have many excellent examples of such 
pinions running. The same remarks apply to the mill spindles 
and coupling. The old type of coupling may be thought to be 
an imperfect adaptation of the Oldham coupling, but it was 
the best then used for a high torque universal joint. A close-up 
view has been shown of machining in the slot which looks 
rough, but we now have very modern milling machines and 
other tools and we can get a much higher grade of machining 

Both Mr Dowding and the author have referred to shear 
pins. The driving motor may jump up to five or six times the 
normal load on peaks, and all the transmission elements are 
designed with a safety factor of 5 or 6. Probably there are in 
numerable stress raisers in the transmission line which are not 
determined precisely. I should like to ask, therefore, how the 
shear pin is to be designed and for what load. A shear pin must 
be very precisely machined to an accurate diameter and the 
notch must be designed scientifically so that the pin will shear 
at about the design factor which has been allowed. I have seen 
recent applications where two pins have been used. When 
there are two pins, W ill they break simultaneously or one after 
the other? I am only pointing out the difficulties in the design 
of this shear pin element. I think the basic point about shear 
pins is that when they are used (and they should be used very 
cautiously) they should be in a very accessible position, so that 
when they shear they can be replaced with the minimum of 
trouble. 


Mr Stacey (in reply): Your remarks on the term ‘mistakes’ seem 
to need little comment. As you say, the errors of the 
past and present, irrespective of which sphere they may be 
in, provide data for the future; unfortunately it may not ‘be 
the people who provide the data that receive the benefit from 
it and how often has each of us thought that again we have the 
prototype unit, or heard the expression ‘It is regretted that 
yours was the last of the old design’? 

The subject of shear pins has been raised before and while I 
appreciate Mr Craig’s remarks, I feel the subject has been 
covered adequately. Comments have been raised in the paper 
on the quality of machining and we are assured that modern 
machine tools are available today with corresponding quality 
finishes. I would agree, but the quality of the finish even with 
the machine is in the hands of the operator. Here I feel that 
there is still not sufficient liaison between the drawing office 
and the machine shop. We see on drawings rough, smooth, or 
fine finish. Generalizing, I would ask ‘What is a fine finish?’, 
and reply that unless standard micro-finishes or similar stand 
ards are applied, then the definition is left to the machinist 
and will vary according to his views and may not necessarily be 
satisfactory for the strength conditions of the application. 


The Chairman: This question of shear pins is interesting. We 
have had shear pins for many years on a three-high mill, fitted 
between the flywheel and the gearbox. Mr Craig asks whether 
if there is more than one pin they all shear together or one at a 
time. We have always had trouble with these pins. They are 
made of a type of steel which we have found by trial and error 
over 20 years to be suitable, and I hope that they protect the 
machine. We have periodically to re-machine them or bush the 
holes into which they fit. I think that we now have four of 
these pins, but because of the trouble which we have experi- 
enced with them, we always examine them once a week, and 
we find that three have gone one week, two another, and per- 
haps only one another. When they go completely we do not 
know whether they have all gone together or not. We usually 
find that on routine inspections one, two, or three may have 
gone; very seldom are they all found to be intact. 

Many years ago, before the days of load cells, we tried on 
this mill, because of the trouble that we had with the pins, one 
of the oldest types of device for assessing the load on the mill 
housings. It was a bar of steel of the same composition as that 
used for the housing, fixed to the housing, and it extended as 
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the load came on. This was shown on an enormous spiral chart 
which the mill manager examined every morning. It was about 
300 yd long. About three months after installing this device 
we broke a housing, but when we examined the chart we found 
that it showed absolutely nothing at all. To me this indicates 
that we do not know very much about shock loading. I think 
that that is the trouble with very many of the experiments 
which we make with loads on mills, that nothing ever happens 
when the instrument is on, so far as shock loading is con- 


cerned. When we broke the housing we at once looked at the 
shear pins, and we found that they were all intact. 

We may break rolls and we may break a spindle, but when 
we have done so the shear pins have never gone, but dozens of 
times when we have broken nothing in the mill the pins have 
gone. I have always felt that it is difficult to decide where 
shock loading is going to strike; it may be transmitted instan- 
taneously and cause breakage in unexpected places and the 
protection fails. 


Discussion on engineering aspects of the Redbourn development scheme 


At the third session a paper entitled ‘Engineering aspects of 
the Redbourn development scheme’, by P. M. Hesketh 
(Richard Thomas and Baldwins Ltd), which was published in 
the October 1960 issue of the Journal (196, 213-217) was 
presented by the author. 


Mr Hesketh, in presenting his paper, amplified what was said 
in it with regard to the rotor vessel: Figure A shows a model of 
the rotor vessel which is now in course of construction. The 
stage has been reached when the supporting part of the 
installation is being assembled in the works. The original rotor 
vessel at Oberhausen in Germany could rotate about its longi- 
tudinal axis only. This meant that for continuous production 
it would be necessary to have two rotor vessels, because with 
only one, when the lining wore, relining had to be carried out 
with the vessel in position. In addition, all the ancillaries for 
oxygen blowing, charging, and so on would have to be dupli- 
cated. 

When we decided to install a rotor vessel at Redbourn, 
therefore, we decided to have a vessel of a new type which in 
addition to rotating about its longitudinal axis could be 
rotated in a horizontal plane; this means that we can change 
the vessel end to end. In addition the vessel can be tilted up to 
the vertical. In this position it can be removed from its 
supporting cradle and by means of a carriage it can be jacked 
off the cradle and moved out of position. Figure A shows the 
spare vessel in the relining position alongside the one in 
operation. 

The size of the unit is about 49 ft long and 14 ft dia. The 
vessel itself, unlined, weighs 100 tons. The lining adds a further 
300-350 tons to the weight of the vessel. It is therefore an 
object of some size to move about and especially to move into 
the relining position. 

The operation of the vessel will be similar to that at Ober- 
hausen. We shall take hot metal from the mixer and charge it 
into the vessel with the ladle. Previous to this, lime, ore, and 
scrap can be charged into the vessel from the other end by 
means of a mobile charger. When the vessel has received its 
charge, about 90°, of which will be hot metal, it can then be 
rotated into the blowing position. In that position the charge 
is blown. For blowing there are two lances: a primary lance 
and a secondary lance. The primary lance will normally dip 
into the bath of the metal and blow, and the reaction will take 
place. During this reaction CO is driven off, and the function 
of the secondary lance is to burn this CO off in the vessel to 
gain the extra heat from this reaction. During the whole time 
of the blow the vessel is rotated about its longitudinal axis, so 
that the lining is always maintained at an even temperature 
and the metal can pick up heat from the lining as the lining 
rotates into the bath. The speed of rotation at Oberhausen was 
fixed at about 1 rev/min, but with our vessel we shall be able to 
change the speed of rotation from 4 to 5 rev/min. It is still a 
little doubtful whether we shall operate at more than 2 rev/ 
min, but there is a feeling that we shall be able to obtain a 
quicker reaction by increasing the speed of rotation. There is 
some doubt about this, but we have included this facility so 
that we are able to make use of it if it seems necessary or 
desirable to do so. 

A small problem arises because the carbon over the length 
of the vessel varies from the blowing end to the exhaust end. 
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Our practice will probably be to blow for about 50 min, and 
then change the vessel end to end and blow for a further 
8-10 min to even out the carbon. 

After the blow has taken place the slag is an important 
feature for Redbourn. Because of the high phosphorus content 
in the ore, this slag, which will form about 20% of the bulk in 
the rotor vessel, is saleable for fertilizer, and this will contri- 
bute to a quite considerable extent to the economics of opera- 
tion of the vessel. The slag is taken off, and then the vessel is 
tapped. For tapping there is a tap-hole in the vessel which is 
opened, and the vessel is then moved into the tapping position, 
as shown in Fig. B. The vessel is then rotated so that the tap- 
hole comes in line with the metal. The vessel can then be 
tapped, with the additional facility that the vessel itself can 
be tilted. After tapping it is likely that at Redbourn we shall 
proceed to do some fettling of the vessel to prolong the lining 
life. If at any time the supply of metal to the vessel is stopped, 
we can move the vessel into a position in line with a horizontal 
burner, which will keep the vessel at temperature until we are 
ready to proceed with the reaction. 

When the lines of the vessel are such that the lining is 
beginning to wear (we shall have a backing lining of 9 in of 
Supermag and initially it will be lined with about 27 in of 
chrome—magnesite bricks) it will be time for the vessel to be 
changed. This will be done when the lining is down to about 
9 in. The vessel will then be rotated into position. We have to 
release the set of side rollers which retain the vessel in a hori- 
zontal plane so that the vessel can be jacked off the cradle. The 
carriage has four hydraulic jacks which enable the vessel to be 
jacked so that it is clear of the cradle. Once the vessel is 
relieved of all support from the cradle itself it is winched out of 
position on the cradle, the cradle is turned round, and the 
vessel which has already been relined can be placed on it. We 
expect, from the results which have been obtained in South 
Africa, that this will take about 2 h. 

The construction, which is being carried on at the moment, 
has presented problems owing to the size of the vessel. We 
found that the vessel could not be transferred to the works in 
one piece. It is being built up in four sections and they are 
being welded together in the relining position. 

The original vessel, as I have said, is at Oberhausen, and one 
has also been built at Peine. There are two in South Africa. 
The one at Peine does not operate continuously, and at Ober- 
hausen the vessel is situated at the end of the blast-furnace pig 
bed and the supply of metal to it is erratic; it is not working 
full out. It was decided, therefore, to see the vessels in South 
Africa, which operate continuously. That visit has confirmed 
many of our proposals for our rotor. They are getting a lining 
life in South Africa of anything from 160 heats upwards, and 
with 160 heats they are not doing fettling, which will prolong 
the lining life. In addition, they are at the moment making 
steel direct in the rotor vessel, which will tend to wear the 
lining rather faster than the pre-refining practice which we 
shall carry out at Redbourn. It looks, therefore, as though we 
can expect a minimum of 160 heats on the vessel, which will 
allow time for the spare vessel to be relined while the operating 
vessel is working. 

As I have said, initially we shall operate the vessel with a 
backing lining of Supermag and a working lining of chrome— 
magnesite, but it is likely that we shall go on to use a working 
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A Model of rotor vessel 


lining of rammed magnesite. The advantage of this arises from 
the fact that the wear is not completely uniform throughout 
the length of the vessel, but rather hour-glass shaped, being 
greater at each end of the vessel and smaller in the centre. It 
is our intention to use an adjustable former inside the vessel 
and to ram back into the working line. In addition, it is 
possible that preformed blocks may be used for the working 
lining, and we have the facility, with the vessel in the relining 
position, of completely removing one end of the vessel so that 
we can insert preformed blocks. 

I think that I have covered most of the detail, apart from 
the gas-cleaning plant. At both Oberhausen and Peine the 
method of gas cleaning is very simple, but it produces appreci- 
able fume from the exhaust stack which would not be tolerated 
under the Clean Air Act in this country. We have therefore had 
to adopt a more elaborate system. First of all we shall have a 
spray chamber where the gases are cooled down. They will 
then pass to the Venturi scrubber and then through the fan 
and up the stack. 

We are not operating the vessel at the moment; it is still 
under construction. However, our visit to similar plants, 
especially in South Africa, has proved that we should be able 
to operate the vessel up to the standard which we desire, and 
it will add to the steelmaking capacity at Redbourn. It was 
initially intended for pre-refining of the metal, but we can and 
no doubt will at times make steel with it. If we are low on 
furnaces through repairs, for instance, we shall be able to make 
casts of steel direct in the vessel. 


Mr WN. Hanion (Dorman Long (Steel) Ltd): Most of us have 
had experience of developing existing plants, and some of us 
have even had experience of green-field sites. I still do not 
know which is the easier. With existing works developments 
we often malign our predecessors for locating a certain 
obstacle in such a way as to baulk our schemes, and yet how 
often with green-field sites would we have been delighted to 
fine just one obstacle around which we could base our layouts. 

Regardless of our thoughts about past engineers, however, I 
submit that past planning at Redbourn must have been 
liberal, to have allowed the present generation to accomplish 
so much. 

On ore-handling plants the chief problems are crushing and 
screening, and especially the fine crushing of home ores. We 
have been persevering with cone crushers on a recirculatory 
basis, and so far with a fair measure of success. We are now 
going to undertake the fine crushing of limestone in a similar 
fashion, but still experimentally, with the object of eliminating 
hammer mills, with all their heavy maintenance problems. It 
would be interesting to hear more about the crushing plant 
which is being installed at Redbourn. 





B Model in tapping position 


The screening of wet ores is another major worry and the 
author’s proposals would be of interest. A recent spate of very 
wet weather in the North East has set us wondering about 
covered storage of ore fines etc. I should like to have the 
author’s views on this. The size of sinter strands is another 
thorny problem: should they be 8, 10, or 12 ft wide? Perhaps 
the author will enlarge on the decision at Redbourn to have 
two strands 8 ft wide. With regard to sinter strands, are plants 
becoming too complex and costly? Many mechanical refine 
ments have been introduced, with dust elimination and the 
festooning of access platforms. 

On blast-furnaces I was interested to read that an axial 
flow blower will replace one turbo-blower. I should like to 
know more about the reasons for this very big decision. Is it 
intended to allocate one blower to each furnace or to have a 
bus main? 

At the melting shop at Redbourn the most interesting 
developments are taking place, with the installation of the rotor 
vessel. Its commissioning will be closely followed up and down 
the country. Can we have more details of the expected dust 
loading, collection, and disposal facilities? 

The rebuilding of the furnaces in the steelplant was executed 
at an admirable speed. Will the author give the details of the 
manning for this reconstruction? Did he use only his own 
labour, or did he supplement it with outside contractual 
labour? Details of the supervision would also be interesting, 
and also, for the record, can he provide the normal furnace 
rebuild time at Redbourn? 

With regard to the mills, why not use continuous casting 
instead of all the various mill additions? The installation for 
the continuous inspection of billets seems very good. Is the 
same high inspection procedure being provided for blooms? 
We endorse the author’s desire to reduce handling by cranes; 
our own policy is that EOT cranes should, where possible, be 
restricted to lifting and cross-travelling, and that ground 
vehicles should be used for long-travelling. At our works we 
are making use now of side fork trucks of various sizes for the 
long-travelling of long billets, blooms, and beams. 

Is Redbourn setting a new fashion in the design of engineer 
ing workshops for steelworks? Since the war we have vied with 
each other in the design of office blocks, power stations, and 
welfare buildings, and now we are reduced to helping ourselves 
a little in the design of workshops. Policy on the purchase of 
large machine tools for a central workshop has always been a 
problem, and it is becoming more pressing with the advent of 
larger and more powerful mills. At Middlesbrough we are 
fortunate in having around us mill manufacturers possessing 
a variety of good, hefty machine tools, and we have solved our 
own problems to a large extent by agreeing with these mill 
manufacturers for the immediate use of such large machines 
for breakdown emergencies. Is there a similar arrangement at 
Redbourn? 
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Mr Hesketh (in reply): On the question of ore preparation and 
sinter plant I am at a disadvantage because we are not yet 
operating it. We have hammer mills. These have their prob 

lems, but we have to work out our own salvation. Our installa- 
tion is similar to the two other installations in the area which, 
although having some problems, seem to operate satisfactorily 

I am afraid, however, that I cannot give a direct answer on the 
question of the crushing of ores until we have had more 
experience. So far as the size of sinter strands is concerned, the 
decision was taken chiefly because we want a certain output 
which two 8-ft strands can provide. They are slightly larger 
than the existing strands in the area. 

I agree that the installation of the axial blower was rather a 
large decision to take, but we took in on the basis of the 
economics of blowing. We do not intent to blow through a bus 
main and each furnace will have its own blower. On the 
question of the furnace rebuilding, though we did it in quite 
good time we felt envious when we went to South Africa, 
because the South Africans were able to lift the complete 
furnace structure on to the site by coupling two cranes elec 
trically and mechanically. I do not think that their time was 
any less than ours, but we wish that we had had that facility. 
We have, as mentioned in the paper, another furnace to re- 
build, and we hope to do it in at most the same time as before. 
With regard to labour on the furnace rebuilds, all the work, 
fabrication and on site, was done with labour inside the works. 
Supervision is extremely important, and we had foremen on 
each shift. This was necessary to maintain an even flow on the 
rebuilding. 

We went into the question of continuous casting in con 
siderable detail, and I shall ask Dr Dennis to give the reasons 
for our decision and the discussion which took place at the 
time. 

We do not operate the system of continuous inspection at 
the moment, but we feel that it will reduce the amount of time 
and handling very considerably. We are not going to have the 
same facilities for blooms. We export at Redbourn all our 
billets and they have to be inspected. That is one of the main 
reasons for having the continuous inspection system. 

On the design of the engineering workshop, it was described 
in the local press as a ‘glass and glamour’ building. We con- 
sider that there is no reason why a building cannot be com- 
pletely functional and still look better than the normal con- 
struction of corrugated iron, steel frames, and lattice-work. 
We spent a lot of time on this. It is one of the few parts of the 
development where engineers alone are concerned, with little 
outside interference from other departments. We think that 
we have an economic building and we feel that we have a very 
functional building. The work relat ionships within the building 
should make for much better working. 


Dr W. E. Dennis (Richard Thomas and Baldwins Ltd): The 


possibility of installing a continuous casting facility instead of 


a continuous billet mill was, indeed, considered. Our decision 
in favour of the mill was influenced by the following factors: 


(i) the equipment required to deal with the increased out 
put of steel formed an essential part of the compre- 
hensive development scheme which has been described 
and had, therefore, to be both reliable and available 
within the time scale of the main programme 

(ii) the basic need was to increase our capacity for the pro- 
duction of billets from 7000 tons to 14000 ingot tons, 
the greater part of this production being required in 
the 2-3 in size range 

(iii) the steel was to be produced in 120-ton batches, in a 
variety of qualities, including rimming and free-cutting 


(iv) at the time when the decision was taken (1958), con- 
tinuous casting equipment which could be guaranteed 
to produce satisfactory results under the above set of 
conditions was not available 


< 


the existing blooming mill was considered adequate to 
deal with the increased production of blooms 
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(vi) the billets produced were mainly to be sold to independ 
ent re-rollers who might be reluctant to receive their 
material in the ‘as cast’ condition. 


Mr F. E. Stacey (John Lysaght’s Scunthorpe Works Ltd): I 
have recently had the privilege of viewing the new central 
workshops at RTB and I would like to take this opportunity of 
complimenting Mr Hesketh and his staff upon the design and 
layout of the building. 

The design and architecture is pleasant to view and shows 
up well from the adjacent roadway and the plant in general, 
the administration section being quite elaborate and central, 
with excellent accessibility and viewing to the work areas 

To a visitor to the plant it is apparent that available space 
for building is at a premium. A great deal of thought has been 
given to counteracting this, with the result that mess rooms, 
stores, and light work areas have been positioned upon 
balconies. 

The principle of a central engineering workshop is not new 
and there is great advantage to be gained from such, so long as 
it is remembered that its function is to cater for maintenance 
and new work facilities and not as a production unit only. The 
plant still necessitates, of course, efficient maintenance and 
central workshops cannot hope to replace the satellite jobbing 
workshops on various parts of the plant 


Mr P. Marshall (English Steel Corporation): Is the author 
satisfied that with continuous billet inspection, with billets 
passing at 200 ft/min, one man can carry out the job all day, 
or is it proposed to work it on a relief shift system? 


Mr Hesketh: We did a number of trials on this and allowed for 
a speed of 200 ft/min. It is not our intention that one man 
shall work a complete shift on inspection. Normally there will 
be two inspection lines each with two inspectors, and there 
other four in 
turn during their tour of duty. No man can possibly stand for 
eight hours with billets passing him all the time, and some 


will be a fifth man who will take over from the 


relief must be allowed during the shift 


Mr T. Hessey (Brightside Foundry Ltd): Billet inspection is 
earried out at 200 ft/min and the inspector simply passes or 
rejects a billet. It would appear that a good deal of handling is 
required in the dressing bay to locate defects, and would it not 
be better to inspect at a slower rate, and have the inspectors 
mark the defects by means of a pressurized paint spray? 

On the question of fatigue of inspectors, our studies lead us 
to believe that to have one man to relieve four inspectors is 
inadequate, and it is probable that the men will have to be 
‘spelled’ every 20 min. Has any consideration been given to the 
use of closed circuit television, to inspect all four sides of the 
billet on a single screen? 


Mr Hesketh: With inspection, 
the rollers, where the billet comes to the inspector, permit of a 
variation in speed from 100 to 300 ft/min. We felt that the 
normal speed would probably be 200 ft/min, but the speed is 


regard to the speed of 


under the control of the inspector. One reason for providing for 
@ variation in speed is that once a defect is discovered the 
inspector wants that billet out of the way as quickly as 
possible, and he will increase the speed to 300 ft/min. 

On the question of marking, the inspector’s job is to reject 
defective billets, so why need he waste his time looking for 
further defects in a rejected billet? It will be necessary to 
evolve a system of marking, which may or may not be easy, 
and personnel in the dressing area will probably remove the 
If a 
billet is defective it must be rejected, and the inspector is told 


defect marks and further inspection may be necessary 


that his function is to reject defective billets. That is why we 
do not mark the billets. We feel that the defect can be checked 
more easily in the dressing area. 

I agree with what has been said about the fatigue of the 
inspector. Twenty min may be quite long enough for one man 
to look at billets all the time, but that is something we shall 
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have to learn by experience. Until we have had a full-scale 
trial on the inspection line we cannot make a decision. 

The use of television was considered, but with television it 
is necessary to concentrate on a very small area, whereas the 
inspector can, once he has rejected a billet, look along the line 
to the next one coming along, and he may even spot a defect 
before the billet comes close to him. I think his fatigue would 
be greater if he had to look at four screens at the same time 
and try to look at four sides all at once on two different 
streams. On the layout the inspector has a much wider field 
of view. 


Mr E. Sanderson (English Steel Corporation): What size-range 
of billets is covered? If slabs are to go along these lines, what 
will be the size of the slabs? Can we be given an idea of the 
straightness of the billets? I assume that on such a plant as 
Redbourn all the material from the mill comes across cooling 
banks where it can be kept straight, but in an alloy steelworks 
it may not be practicable to keep the billets so straight. Is the 
author satisfied about the vision on the underside of the billet 
when passing the inspector? 


Mr Hesketh: The billets will be rolled 2 in® to 5 in®. There will 
be a number of small slabs from 4 in x 2 in upwards. The 
largest will be 16 in x 2 in and will not go on the continuous 
inspection line, but will be by-passed after the first four stands 
on the roughing mill. The small slabs will be inspected on the 
continuous inspection line. We do not expect that the straight- 
ness of the billets will present any problem; there are cooling 
banks. The billets normally come out quite straight. On the 
question of viewing the underside, we have conducted tests to 
see what the view is and it is surprisingly good. In the trials it 
proved just as easy to view the diagonals as they passed the 
inspector as to view one face. 


Mr Hunter (Templeborough Rolling Mills): Will any provision 
be made to check for internal defects in billets? 


Mr &. Robinson (Richard Thomas and Baldwins Ltd) in reply: 
Our normal practice is to take special precautions at the top of 
the ingot which enable us to remove all the main segregation. 
We realize, of course, that there may be secondary piping, but 
at the moment there is nothing that we can do about that. We 
have conducted experiments at the shears with supersonic 
testing and we are doing further work on that, but at the 
moment no practical proposition has emerged. We have not 
been able to include anything of that nature in continuous 
inspection, which, as will be appreciated, has by and large to 
keep pace with the rolling rate of the mill. 

There are certain factors which may relieve the continuous 
inspection. One is top bars, which normally are kept on a 
separate bank and which will not go through the mspection 
but will go straight into the cradles and be subject to further 
treatment, as is our present procedure. Also we may have 
(I hope only infrequently) a cast which is obviously very bad 
from a surface point of view, and in that case we should by- 
pass the inspection and go straight to further dressing. Also, 
we have provision for rolling certain products which will not 
go through the continuous inspection according to the 
schedule. Taking all these factors into consideration, we think 
there is every chance of making this inspection system work, 
and it is essential for us, because of lack of area for dealing 
with cold billets. This system is going to save a great deal of 
double handling. 


Mr R. D. King (GK.N Group Services): I wish to ask the author 
a question to check his arithmetic, or my own. He says that 
using the rotor for pre-refining will reduce OH tap to tap time 
from 10 or 11 h to 8 h. This, according to my calculations, 
means an increase in output of about one-fifth on a present 
output of 10000 tons/week, which would raise it to 12000 tons, 
but he is hoping to get a total of 14000 tons/week or more. 

I should like him to elaborate on the idea of using the rotor 
to make steel rather than for pre-refining. I believe that steel- 
making in the rotor involves a 2 h cycle, as against perhaps 


45 min or | h on pre-refining. Would not the economics favour 
direct steelmaking in the rotor rather than the transfer of 
purified metal to OH furnaces? 

Third, have the author and his colleagues had any second 
thoughts about the engineering complexity of the rotor as 
against the comparative simplicity of the latest development 
of the LD steelmaking process with modifications using 
powdered lime? It appears to be able to handle a fairly wide 
range of raw materials. 


Mr 8. R. Isaac (steel consultant to Richard Thomas and 
3aldwins Ltd) in reply: It must be borne in mind that we decid 
ed to put this rotor in before lime injection was in use on LD's. 
We have been working on this for about seven years. On an 
economic basis I do not think that there is much to choose 
between them at the present time. The LD has been in use and 
has been developed and improved for a number of years, while 
the rotor is just coming into use. As a steelmaker I still back 
the rotor, and I have such confidence in it that I believe that 
in seven years time it will be well ahead of the LD. 

The figures given by the author of a reduction from 10 to 
8 h tap to tap time are intended as a rough guide. The shop at 
the moment is producing 11000 tons/week. Ten hours is an 
average figure, but unfortunately in a shop such as Redbourn, 
owing to various causes, while the average is 10 h the tap to 
tap time varies from 8 to 12 and even 13-14 h. I consider, 
75-80%, of 
the variables which now cause that fluctuation in time, so that 
I am confident that we shall easily get 15000 tons/week, and if 
we can get more iron we shall get more output. 

The factor that has to be considered at Redbourn is slag. I 
am sure that with the burden with which we shall have to 
work, roughly 70% iron and 30% scrap, pre-refining will 


therefore, that when we pre-refine we shall remove 


produce 15000 ingot tons from the melting shop, thus produc- 
ing the cheapest ingot overall. Alternatively, we can use the 
rotor to make steel. It will make it faster and cheaper, but we 
shall then be in the position of running the shop for, say, half 
the output at its present cost and half the output at roughly 
30s/ton less, from the rotor. All our figures to date show that if 
we make 15000 tons/week we shall do better by using the 
rotor for pre-refining. We consider at present that it will be 
used for steelmaking only in an emergency, such as a roof 
falling in 

To give an idea of the economic effect of the slag, at present 
we have to get rid of it somewhere and it means a debit cost on 
the ingots of roughly 4s/ton. If we pre-refine, leaving a little 
phosphorus in the iron, say 0-10-0-15%, we can carry a high 
P,O, slag which can be sold as a fertilizer. The OH slag will 
then be very low in phosphorus, and, as we make at least 50%, 
of our output in very low carbon rimming steel, high in iron, 
this OH slag will go to the blast-furnace. Instead of a 4s debit 
we shall have a 9s credit for the slag. That is the sort of thing 
that has influenced us in installing the rotor. 

The author has mentioned our visit to South Africa, where 
we saw the rotor at work. For six years the bogey which every- 
one has put up to me is lining trouble on a rotor. I am pleased 
to be able to say that lining trouble in South Africa is nil. They 
are still experimenting with better linings, but their rotors 
work with 100% metal and no scrap at all, and their lining 
figure is 11 lb magnesite per ton steel. That answers the prob- 
lem of the lining. 

The pre-refining, I am confident, can be comfortably done 
in an hour. At Oberhausen they ran 50 charges pre-refining and 
got them out in under an hour. Eventually I think we may 
have to use the rotor mainly for making steel, because the new 
mill will be starved with 15000 tons. This may involve us in 
the near future in turning over to making steel in the rotor 
almost exclusively and running the shop as at present, but in 
that case the overall cost of the ingots will not be so low as 
with pre-refining. If all we assume proves to be true, and we 
shall have to prove it when we start next year, it may not be 
long before we put in another rotor unit. There is space for this 
and it has been tentatively provided for. We shall then be able 
to use one unit for steelmaking and one for pre-refining, 
because I am certain that pre-refining, with the type of iron 
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made in Scunthorpe and working in fixed furnaces with 30% 
of scrap, is bound to produce the cheapest and, I think, the 
quality steel, with no phosphoric burden to worry about in the 
OH furnaces and no sulphur burden either, because the rotor 
is a marvellous desulphurizer. 


Mr E. Atkin (Appleby-Frodingham Steel Company): The 
published paper refers to independent drives for the billet 
mill stands, and there are, no doubt, very good reasons for 
such an arrangement. 

We know, however, from exercises we have recently carried 
out that a considerable increase in capital expenditure is 
involved when compared with a grouped gear drive. 

Can the author indicate the reasons for deciding on inde- 
pendent drives? 


Mr Hesketh: We felt, when discussing the question of 
the drive on this mill, that, in view of the experience which 
we were able to collect from mill operators, the independent 
drive was the best proposition. I agree that the capital cost is 
much higher, but in view of the experience which we collected 
from various plants (not having had any experience ourselves) 
we decided on independent drive. I am sorry that I cannot say 
more than that. It is one of those questions on which opinions 
differ, and we may both be justified in certain circumstances. 


Mr Atkin: I am sorry to appear to be a little insistent. Addi- 
tional expenditure should be justified, and I should be very 
interested to hear whether the reasons for justification were on 
the question of quality of product or increased output. 


Mr Hesketh: Quality is extremely important. 


Mr 8. Robinson (Richard Thomas and Baldwins Ltd): To us, 
one of the most attractive features of independent drive is that 
it releases us from the need to have matching diameters of roll 
in the various stands, With a gear-driven mill it is necessary to 
have matching sets of rolls, because the speed of revolution in 
the various stands is established. We prefer to have each 
stand independent, so that we can adjust the speed of each 
stand independently, which in our opinion tends to give better 
rolling practice. We shall also be free to put in any dia. of roll 
in any stand and adjust the speed accordingly; this was one of 
the main considerations in choosing that system. Also, of 
course, we have decided for various reasons to have alternate 
vertical and horizontal stands and, having made that decision, 
it was necessary to have independent drive. A gear-driven 
arrangement is primarily suitable for a mill consisting only of 
horizontal stands. Independent drive also frees roll pass design, 
as one is not then compelled to have the same percentage 
reduction on all sections in a stand. 


Mr R. Stewartson (Guest, Keen and Nettlefolds Ltd): Referring 
to the question of building design, conventional pitched roofs 
for mill buildings are undesirable from the users’ point of view, 
and designs incorporating vertical glazing have much to 
recommend them. Studies of cost indicate that the simplest 
form of vertically glazed roof structure, using latticework 
girders, is about 10° more costly than a conventional pitched 
roof with the same amount of glazing, whereas more elaborate 
structures, which have been used extensively in South Wales, 
may make a 20°, addition to the cost. Have Richard Thomas 
and Baldwins found similar comparisons and, if so, how have 
they been able to justify the additional costs involved? 

In the continuous inspection scheme described, what 
arrangements are made for segregating the varying qualities of 
rejected billets and returning them back to their original casts 
after reconditioning? For example, there may be only one 
billet rejected from a particular cast or ingot and it is essential 
that the remainder of the cast be held back until this billet has 
been dressed. Is each individual billet stamped with the cast 
number to facilitate this, and what equipment is envisaged for 
handling rejected billets? 
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Mr Hesketh: On the question of the building, the model 
of which a photograph is given in the paper is unfortun- 
ately out of date; there will be a portal frame and a flat 
roof. As for justifying the extra cost of an elegant building, it 
is a fallacy to think that because something looks elegant it 
necessarily costs more. We went carefully into the cost of this 
building, and I believe it to be no more than the cost of a 
normal type of building. We have tried to avoid horizontal 
glazing as much as possible. We have a small number of lan- 
tern lights in the middle to give increased lighting, but in the 
main the glazing is vertical, so that it will not get dirty quite 
so quickly. 

With regard to continuous inspection, there are a number of 
cradles on the continuous inspection line into which the various 
billets can be diverted so that we can segregate the different 
qualities. 

A great deal depends on how one designs the building. In the 
past it has been found that if there is a departure from the con- 
ventional type of building the cdést increases because the 
manufacturing costs go up. Some research was done many 
years ago on the use of high-tensile steel for building, and on 
paper it seemed to show a saving, but the steelworks con- 
structors at that time did not seem keen on it and the cost 
came out much higher. It is necessary to go very deeply into 
the method of construction and to design for the new method 
of construction if the costs are to come down 

I shall ask Mr Robinson, who has more experience of the 
matter than I have, to deal with the question of the segrega 
tion of the billets. 


Mr Robinson: Our practice is to mark each individual billet 
with the cast number. We hope in this mill to stamp the cast 
number on; at the moment we paint it. The billet, therefore, 
will always be identifiable, even when it has been through the 
further treatment. If there are sufficient billets left from a cast 
they are loaded on one wagon. We do not normally mix casts 
on a loaded wagon unless the casts are segregated by wiring, 
but in certain cases, with the customer’s consent, bars of the 
same quality and size from different casts can go together. 


Mr Atkin: In dealing with the rotor furnace the author made 
no mention of water cooling. I should like to know what is 
done in that respect, and how the connexions for the water 
cooling are made? 


Mr Hesketh: There is no water-cooling on the vessel itself. 
The lance for oxygen blowing is water-cooled, the exhaust 
system is water-jacketed, and there are sprays inside the 
exhaust system. 

The vessel rotates on two large trod wheels, and on the 
inside of these wheels there are guide rollers working on the 
side. During the tilting of the vessel to put it into the vertical 
there is a safety device in the form of a pin in the cradle which 
goes into the top of the two trod wheels. This pin is hydraulic 
ally operated, and it is not possible to go beyond 45° until it is 
in position. It remains in position until the load is taken on the 
carriage by means of the four hydraulic jacks, when it can be 
retracted so that the vessel can be moved. Before starting to 
jack the vessel one set of side rollers has to be moved out of 
position to allow sufficient room to jack the vessel off the 
cradle. 


Mr E. F. Farrington (Appleby-Frodingham Steel Company) 
We agree that vertical glazing is to be preferred when possible. 
In a recent example, vertical glazing was marginally cheaper 
in capital cost, but I do not believe it wise to generalize on this 
subject. 


Mr Hesketh: I agree. It depends very largely on the type of 
design. I do not think that it is possible to generalize about 
glazing; all the factors have to be taken into consideration. 
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Discussion on lighting 


At the fourth session a paper entitled ‘Some aspects of lighting 
in the iron and steel industry’, by D. R. M. Nisbet (Appleby- 
Frodingham Steel Company), which was published in the 
October 1960 issue of the Journal (196, 207~212), was pre- 
sented by the author. 


Mr Nisbet, in presenting his paper, said: Because of the heavy 
plant involving large capital sums which are necessary for the 
manufacture of iron and steel the importance of lighting tends 
to be overshadowed. It only becomes conspicuous by its 
absence. 

Lighting is in fact a specialized subject but the paper is 
designed to have a wide appeal. It was written to appeal to 
three groups (i) all grades of management and supervision, 
(ii) electrical engineers in the industry, and (iii) manufacturers 
of lighting equipment. 

The eye is very adaptable and because of this, seeing is 
possible with very little light: even the light of one candle is 
sufficient to see a fair amount, but not in any detail. Generally 
speaking the more detail it is required to see, the more light is 
necessary. Legislation was introduced in 1941 to ensure that 
work was not carried on in factory premises under inferior 
conditions of lighting. 

How the standard of lighting necessary for any working area 
can be assessed is one of the themes of the paper. Comparisons 
of different types of installation, with their respective costs, 
are made. In comparing costs attention is drawn to the fact 
that capital cost should not influence the choice of installation. 
The cost over the life of the installation is the only way to 
compare costs, for the factor which influences cost more than 
any other is that of power. 

Maintenance too is most important, but because of other 
priorities directly affecting production this tends to be 
neglected. 


Mr F. L. Parkin (Steel, Peech and Tozer): The author has pre- 
sented a practical paper full of interest to steelworks engineers 
and with the accent, rightly, on maintenance. He has reviewed 
the five possible lighting systems critically from the point of 
view of capital and maintenance expenditure, and this calls 
for some comment. Figure 1 of his paper shows clearly the 
comparison on the selected basis of 140 h burning time per 
week, i.e. lights are on for 83% of the total time. In my opinion 
it gives a slightly exaggerated picture if it is inadvertently 
taken as typical of any steelworks building. On the other hand, 
he quotes the case of an OH melting shop where natural light- 
ing is usually poor. In our shop, which has been largely re-lit 
during the last two years, artificial lighting is employed for 
almost 100% of the time. 

I note with interest in Fig.2 that the 250-V schemes, nos.3 
and 4, draw even when the burning hours are reduced to about 
105 h/week. Choice of voltage for lighting purposes is often a 
legacy from our predecessors. Having laid out a works for 
medium or low voltage, it may be difficult and expensive to 
change completely to a new level. In our works we were for 
years predominantly dc, 220--230 V distribution, and in 
developing an alternative 3-phase 4-wire ac power system it 
was simple to transfer, as we did, the lighting a section at a 
time to 240 V. 

In the paper three standard voltages are quoted: 110, 250 
and 440. I assume that these figures were intended merely to 
indicate a voltage range. Since the word ‘standard’ is used the 
choice might have been better expressed as 110, 240, and 415, 
because the accepted present-day system of low tension ac 
power is 415 V 3-phase, which gives 240 V between line and 
neutral, for reasons of which we are all aware. The old 440/ 
250-V 4-wire system seems almost obsolete today. I should 


have thought that works having a separately transformed 
lighting system would be in a minority. The main advantage 
of 110 V, as the author points out, is in limiting the potential 
above earth, but modern lighting systems make frequent use 
of mercury discharge lamps, which have a shorter life at low 
voltage. By contrast, extremely long life may be had from 
400-W mercury discharge lamps on 240 V, which suggests that 
the usually accepted figure of 5000 h is conservative. In his 
summing-up on 250-V lighting the author states that there is 
no reason why any danger should exist from a 250-V system 
provided it is properly installed and maintained. In our experi- 
ence, having standardized on this voltage level, the risk has 
proved to be negligible. 

A paper of this kind dealing with the essentials of the sub- 
ject must be of a general nature with a bare minimum of 
statistical information to back the arguments; however, a few 
facts and figures for a typical modern rolling mill lighting 
scheme might be of interest. Our new hot strip mill has four 
main production bays lit by general roof lighting, and a motor 
house annex lit by 8-ft fluorescent tubes. The main bays have 
roof lighting employing mainly 1000-W tungsten and 400-W 
mv lamps fed at 240 V with a mounting height of 45 ft. We 
have an overall lighting load slightly in excess of 400 kW, 
which includes some external road lighting, but the bulk is 
mill roof lighting with an average intensity at working level of 
10 lumens/ft®. The average burning hours are 111/week, and 
the load represents 44% of our total half-hour power demand. 
The units consumed represent about 12% of the total con- 
sumption for power and lighting, which is considerable but 
not excessive. The cost, which is perhaps more important, 
averaged over a whole year of 8760 h works out, with current 
at Id/unit, at 22s/h. Lamp replacements are 7s 3d/h. (That 
figure, for material only, seems high and needs investigating.) 
Labour for lamp cleaning, on a four-weekly rota, including 
lamp changing, is ls 4d/h. Routine cleaning of roof glazing, on 
a 12-weekly rota, is 2s/h, making a total cost of 32s 7d/h. 

Reference is made in the paper to photocells. We gave them 
a two-year trial on the pickling bay, and provided that they 
are properly utilized, we are satisfied that they are a workable 
proposition, and intend to apply them to the rest of the mill 
lighting, which has been wired with that object in view. 

I disagree with a rernark in the author’s penultimate para 
graph that ‘it has been shown that good lighting is an expen- 
sive commodity, though a necessary one’. By what standards 
is it an expensive commodity? It requires some capital expen- 
diture, but in the case quoted a 400-kW load of good high- 
intensity lighting showed a cost for current of 22s/h, and an 
overall running cost of a little over 32s/h; the capital cost was 
less than one-third of 1% of the total cost of the scheme. This 
is surely a small item compared with the overall cost of run 
ning the mill, or as a percentage of labour costs. A good works 
lighting installation is an inexpensive and very desirable 
commodity and one to be encouraged throughout the industry. 


AUTHOR’S REPLY 


Mr Nisbet: I was guilty of loose phraseology in my use of the 
word ‘standard’. Because certain voltages are standard in 
one’s own plant one assumes that they are standard generally. 
The views of other engineers on the question of burning hours 
would be welcome, because it is of great interest. Our own 
figure is nearer 140 h than the figure given by Mr Parkin, and 
I congratulate him on his installation. He quoted an overall 
figure of 32s 7d/h, of which 22s was for power. This emphasizes 
that the factor needing continuous special attention is the 
power consumption. The question of whether or not good 
lighting is expensive is certainly a matter of degree. However, 
if good lightimg can be provided at less cost, why not do so? 
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OBITUARY 


Don Ramon Quijano de la Colina : an appreciation 


Don Ramén Quijano de la Colina, who died recently in Santander, had been a 
member of The Iron and Steel Institute since 1912, and for many years he had 
taken a great interest in its proceedings. Under his leadership his family’s large 
iron and steel concern, located in Santander, in North Spain, developed 
greatly. On its amalgamation with another large company, of which his father 
was one of the founders, he was nominated chairman of the new enterprise, 
Nueve Montafia Quijano, SA. 

He was trained as a mining engineer. A tireless worker, always bursting with 
energy and with a strong will, he succeeded in every sphere and his industrial 
career was marked by great achievements. He never avoided tasks or responsi- 
bilities and only his last illness put an end to the active life of a man widely 
known and admired in his own country and elsewhere. 

He established several important industries in which he had large personal 
interests, i.e. Sociedad Espaiiola de Productos Dolomiticos (basic refractories), 
Materiales Especiales Refractarios (magnesite bricks), Magnesitas Espajfiolas 
(magnesite mines), Minas de Gador (bentonite and fullers’ earth suppliers), and 
Pacadar (prestressed beams), all of which have played an important part in the 
development of the Spanish economy. For many years up to the time of his 
death these companies were under his chairmanship 

It has been said ‘In industry it is captaincy that counts’. Don Ramdén 
Quijano de la Colina was a true captain of industry, an extraordinary man with 
great qualities. He had many activities outside the iron and steel industry, and 
his participation was always valued. 

Don Quijano de la Colina had many friends in the UK, whom he visited 
frequently. 

He was a sportsman, golf being his principal hobby. With the late Duke of 
Berwick and Alba he founded the Real Club de Golf de Pedrefia (Santander), 
said to be one of the best courses in Europe. 

One of the sons of the deceased, Don Javier Quijano, a mining engineer, is a 
member of The Iron and Steel Institute, and he succeeds his father in business. 


F.R.S.J. 


Joseph Mark Deschamps 


Joseph Mark Deschamps of Sydney, New South Wales, Australia, died on 
16 October 1959. The news of his death has been received only recently at the 
offices of The Iron and Steel Institute. 

Mr Deschamps had been a member of the Institute since 1916, and was one of 
the oldest Australian members, a distinction of which he was very proud. In the 
year of his election he pioneered in the Southern Hemisphere the electric furnace 
process for the manufacture of high-grade steels. He was also responsible for the 
variety and range of steels manufactured there, and for the introduction of much 
new machinery: at the time of its manufacture, one rock crusher, 110 tons in 
weight, was the largest of its type in the British Empire. He was instrumental in 
the first manufacture in Australia of many other types of machinery, including 
disc and qyratory crushers, reduction gears for cement mills, pulp engines for paper 
mills, and the largest electric haulage made in Australia. 

His educative influence on Australian engineers has been highly estimated: he 
combined a natural brilliance with an expert knowledge of high-grade steels. 

Mr Deschamps was in hospital for about four months before his death; during 
this period it seemed to his friends as if the activity and lucidity of his mind were 
as striking as at any time in his life. 


Australia has lost with his passing one of its most progressive industrialists. 
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NEWS 


THE IRON AND STEEL 
INSTITUTE 
Annual General Meeting 1961 


The Annual General Meeting of the Institute 
will be held at the Institution of Mechanical 
Engineers, | Birdcage Walk, London SW1, on 
Wednesday and Thursday, 3 and 4 May 1961. 
Formal business will begin at 9.45 am on the 
Wednesday morning, and will be followed by 
the Presidential Address which will be 
delivered by Sir Charles Goodeve, 0.B.E., 
F.R.8. Technical sessions will begin at 11.15 am 
with a discussion on oxygen steelmaking. At 
2.30 pm the main technical sessions on ‘Com- 
puters in the iron and steel industry’ will begin. 
(Details were given on page 324 of the April 
issue of the Journal.) 

The Dinner for Members will be held at 
Grosvenor House, Park Lane, London W1, on 
the evening of 3 May. Sir Howard Florey, 
P.R.S., will propose the toast of The Iron and 
Steel Institute. 


Symposium on creep 
Beginning at 2.30 pm on the afternoon of 


Wednesday 3 May and continuing on 4 May, a 
joint symposium on ‘Structural processes in 
creep’ will be held at the Hoare Memorial 
Hall, Church House, Great Smith Street, 
London SW1. The symposium is sponsored by 
The Iron and Steel Institute and The Institute 
of Metals. Details of the technical sessions 
were given on page 324 of the April issue of the 
Journal. 


Honorary Vice-Presidents 


At the meeting of Council on 15 March the 
following were elected Honorary Vice-Presi- 
dents of the Institute 
Dr Howard Biers, DR. MONT., 8C.M., F.I.M. 
(Union Carbide International Company) 
Dr T. P. Colclough, ©.B.£., D.MET., F.R.L.C., 
¥.1.M. (British Iron and Steel Federation) 


Bessemer Medal 1961 


The Council recently announced that the 
Bessemer Gold Medal for 1961 has been award- 
ed to Mr William Barr, 0.8.8. ( Past- President), 
a director of Colvilles Ltd, in recognition of his 
outstanding work in the development of weld- 
able high-tensile steels for the engineering and 
shipbuilding industries. 


Sir Robert Hadfield Medal 1961 


The Sir Robert Hadfield Medal for 1961 has 
been awarded to Mr Emrys Davies, Managing 
Director of Brymbo Steel Works, in recog- 
nition of his outstanding work in the field of 
pre-refining of blast-furnace metal and subse- 
quent use in either electric or open-hearth 
furnaces. 


Other awards 


Andrew Carnegie Silver Medal for 1960 

To Mr K. A. Sarmon, of the University of 
Sheffield, for a paper on The kinetics of sulphur 
transfer from iron to slag (Journal, 1960, Dec- 
ember, vol. 196, pp. 393-403); his co-author, 
Dr R. G. Ward was not eligible for an award. 


Williams Prizes for 1960 (£50 each) 

To Mr T. McHveu and F. A. Krrx, both of 
Low Moor Fine Steels Ltd, for a paper (with 
Mr R. Cox who was not eligible for an award) 
on Some aspects of steel extrusion (Journal, 
1960,§ April, vol. 194, pp. 423-434); and to 
Mr J. Cuapman, of Steel, Peech and Tozer, 
and Mr W. Montcomery (of Round Oak Steel 


Works Ltd) for a paper on The effect of flow 
distribution on air preheat in an open-hearth 
furnace (Journal, 1960, September, vol. 196, 
pp. 15-28). 


Special meeting in USA 
October-November 1961 


A notice has been sent to all Members giving 
the outline programme for the Institute’s 
Special Meeting in the USA and Canada this 
year. As previously announced, the Council has 
accepted with pleasure an invitation from the 
Metallurgical Society of the American Insti- 
tute of Mining, Metallurgical and Petroleum 
Engineers (AIME) to visit the USA in October 
and November. 

This will be only the third time that the 
Institute has held a meeting in America. There 
were meetings in New York in 1890 and 1904; 
plans for a meeting in 1938 had to be aban- 
doned owing to the Munich crisis. 

The meeting will be of six sections, as 


follows: 


(1) 17-21 October 
New York Opening session; visit to 
Fairless Works of US Steel Corporation 
(2) 21-25 October 
Niagara Falls and Canada Visits to 
Atlas Steels Ltd, Dominion Foundry and 
Steel Co. Ltd, Steel Company of Canada 
Ltd, and Union Carbide Corporation 
Laboratories 
(3) 25-27 October 
Cleveland or Detroit (alternative pro- 
grammes) Visits to Republic Steel 
Corporation works at Cleveland, Massil- 
lon, and Canton, or to ASM Congress and 
Metals Exposition 
(4) 27 October—-2 November 
Pittsburgh Visits to US Steel Corpora- 
tion (Homestead Works and Monroe- 
ville Research Laboratories), Jones and 
Laughlin Steel Corporation (Aliquippa 
Works and Graham Research Labora- 
tories), National Forge Company, Car- 
negie Institute of Technology, etc. 
2-6 November 
Washington Sightseeing in Washing- 
ton; visit to Bethlehem Steel Corpora- 
tion (Sparrows Point works) 
(6) 6-8 November 
New York. 


a 
) 


There will be two alternative post-meeting 
tours. One will be to Middletown and Chicago, 
visiting Armco Steel Corporation, US Steel 
Corporation (Gary and South Works), and 
Inland Steel Corporation. The other, a purely 
tourist excursion, will include Colonial 
Williamsburg, Richmond, Va., etc. 

The provisional programme provides for an 
official welcome in New York City on Thursday, 
19 October, but it is anticipated that some 
members will arrive a day or two earlier. 

Members will be able to travel to and from 
the USA by normal sea and air routes, but in 
addition aircraft will probably be chartered for 
Atlantic crossings at substantially reduced 
cost. Provisional dates for these crossings are: 
to New York, Tuesday, 17 October; from New 
York, Wednesday, 8 November 1961. 

Preliminary estimates of cost are included in 
the programme recently circulated to members. 


Autumn General Meeting 1961 


The Institute’s Autumn General Meeting will 
be held in London on Wednesday and Thurs- 
day, 29 and 30 November 1961. The main tech- 
nical session will be devoted to a symposium on 
‘The future of ironmaking in the blast-furnace’. 
Full details will be published later in the 
Journal. 


Announcements and News of Science and Industry 


NEWS OF MEMBERS 


Mr Ivon A. Bailey has been elected a vice 
president of The International Nickel Com 
of Canada Ltd. 

! Mr J. Beech has been appouted United 
Steel Companies Research Fellow in Metal 
lurgy at Sheffield University 

Mr WN. Birks is now working at the Max- 
Planck Institut fiir Physikalische Chemie, 
Gottingen. 

Mr P. H. Bowker has joined the Develop- 
ment Division of Alean Industries Ltd. 

Mr D. Cole has joined The Universal Metallic 
Packing Co. Ltd, Bradford. 

Mr J. F. G@. Condé has been transferred to 
AERE, Winfrith, Dorset. 

Professor J. W. Cuthbertson has been 
awarded the Hothersall Memorial Medal of the 
Institute of Metal Finishing. 

Mr B. Davies is now with Stewarts and 
Lloyds Ltd, Corby. 

Mr D. R. G. Davies has been elected vice- 
president of the newly formed West Cumber- 
land Metallurgical Society. 

Mr T. Dennison has joined the board of 
Guest, Keen Lron and Steel Works. 

Professor G. H. Derge is the new chairman of 
the Iron and Steel Division of the Metal- 
lurgical Society of AIME. 

Mr W. GC. Fletcher has left the Rhodesian 
Iron and Steel Company and is now assistant 
works manager of the Irlam works of the 
Lancashire Steel Corporation. 

Mr G. Foster has been appointed general 
manager (production) at Dorman Long 
(Steel) Ltd. 

Mr C6. W. Gunnee has been appointed 
Manager, Technical Services, at Richard 
Thomas and Baldwins. 

Dr HM. K. Hardy has been appointed Director 
of Fuel Element Development, UKAEA, 
Risley, Lancs. 

Mr W. Harrison is now with Rolls Royce 
Ltd, Aero Engine Division (Material Test 
Laboratory). 

Mr Walter Hitzinger is to become chairman 
and managing director of Daimler-Benz AG. 

Mr H. W. Homer has been appointed deputy 
chairman of Halesowen Steel Company. 

Mr D. B. Hunter is now with Samuel 
Denison and Son Ltd, Leeds. 


Mr R. 8. Jackson has been appointed Senior 
Lecturer in the Department of Metallurgy, 
College of Advanced Technology, Birmingham. 

Mr W. W. Kee has been appointed an 
additional director of Enfield Rolling Mills 
Ltd. 

Mr F, Kennedy is now a general works super- 
intendent at Dorman Long (Steel) Ltd. 

Mr M. CG, Lioyd has been appointed a director 
of N. Hingley and Sons Ltd. 

Mr D. MacKenzie has been appointed a 
director of Rhodesian Alloys (Private) Ltd, 
Gwelo, Southern Rhodesia. 

Mr J. W. Middleton has been appointed 
manager in charge of the castix its and the 
continuous casting plant at Appleby-Froding- 
ham Steel Company. 

Mr 6. Moody is now a general works super- 
intendent at Dorman Long (Steel) Ltd. 

Mr A. R. Neelands is now president of the 
Cementation Co. Ltd. 

Dr B. R. Nijhawan, director of the National 
Metallurgical Laboratory, Jamshedpur, India, 
has been elected vice-president of the Indian 
Institute of Metals, and a member of Council of 
the Mining, Geological, and Metallurgical 
Institute of India. 

Mr ©. F. Pagnamenta, o.n.z., has been 
neuen a director of GKN Steel Company 
td. 
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Don Ramon Quijano de la Colina : an appreciation 


Don Ramon Quijano de la Colina, who died recently in Santander, had been a 
member of The Iron and Steel Institute since 1912, and for many years he had 
taken a great interest in its proceedings. Under his leadership his family’s large 
iron and steel concern, located in Santander, in North Spain, developed 
greatly. On its amalgamation with another large company, of which his father 
was one of the founders, he was nominated chairman of the new enterprise, 
Nueve Montafia Quijano, SA. 

He was trained as a mining engineer. A tireless worker, always bursting with 
energy and with a strong will, he succeeded in every sphere and his industrial 
career was marked by great achievements. He never avoided tasks or responsi- 
bilities and only his last illness put an end to the active life of a man widely 
known and admired in his own country and elsewhere. 

He established several important industries in which he had large personal 
interests, i.e. Sociedad Espafiola de Productos Dolomiticos (basic refractories), 
Materiales Especiales Refractarios (magnesite bricks), Magnesitas Espafiolas 
(magnesite mines), Minas de Gador (bentonite and fullers’ earth suppliers), and 
Pacadar (prestressed beams), all of which have played an important part in the 
development of the Spanish economy. For many years up to the time of his 
death these companies were under his chairmanship. 

It has been said ‘In industry it is captaincy that counts’. Don Ramon 
Quijano de la Colina was a true captain of industry, an extraordinary man with 
great qualities. He had many activities outside the iron and steel industry, and 
his participation was always valued. 

Don Quijano de la Colina had many friends in the UK, whom he visited 
frequently. 

He was a sportsman, golf being his principal hobby. With the late Duke of 
Berwick and Alba he founded the Real Club de Golf de Pedrefia (Santander), 
said to be one of the best courses in Europe. 

One of the sons of the deceased, Don Javier Quijano, a mining engineer, is a 
member of The Iron and Steel Institute, and he succeeds his father in business. 


F.R.S.J. 


Joseph Mark Deschamps 


Joseph Mark Deschamps of Sydney, New South Wales, Australia, died on 
16 October 1959. The news of his death has been received only recently at the 
offices of The Iron and Steel Institute. 

Mr Deschamps had been a member of the Institute since 1916, and was one of 
the oldest Australian members, a distinction of which he was very proud. In the 
year of his election he pioneered in the Southern Hemisphere the electric furnace 
process for the manufacture of high-grade steels. He was also responsible for the 
variety and range of steels manufactured there, and for the introduction of much 
new machinery: at the time of its manufacture, one rock crusher, 110 tons in 
weight, was the largest of its type in the British Empire. He was instrumental in 
the first manufacture in Australia of many other types of machinery, including 
disc and gyratory crushers, reduction gears for cement mills, pulp engines for paper 
mills, and the largest electric haulage made in Australia. 

His educative influence on Australian engineers has been highly estimated: he 
combined a natural brilliance with an expert knowledge of high-grade steels. 

Mr Deschamps was in hospital for about four months before his death; during 
this period it seemed to his friends as if the activity and lucidity of his mind were 
as striking as at any time in his life. 


Australia has lost with his passing one of its most progressive industrialists. 
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NEWS 


THE IRON AND STEEL 
INSTITUTE 
Annual General Meeting 1961 


The Annual General Meeting of the Institute 
will be held at the Institution of Mechanical 
Engineers, | Birdcage Walk, London SW1, on 
Wednesday and Thursday, 3 and 4 May 1961. 
Formal business will begin at 9.45 am on the 
Wednesday morning, and will be followed by 
the Presidential Address which will be 
delivered by Sir Charles Goodeve, 0.B.&., 
F.R.8. Technical sessions will begin at 11.15 am 
with a discussion on oxygen steelmaking. At 
2.30 pm the main technical sessions on ‘Com- 
puters in the iron and steel industry’ will begin. 
(Details were given on page 324 of the April 
issue of the Journal.) 

The Dinner for Members will be held at 
Grosvenor House, Park Lane, London W1, on 
the evening of 3 May. Sir Howard Florey, 
P.R.S., will propose the toast of The Iron and 
Steel Institute. 


Symposium on creep 
Beginning at 2.30 pm on the afternoon of 


Wednesday 3 May and continuing on 4 May, a 
joint symposium on ‘Structural processes in 
creep’ will be held at the Hoare Memorial 
Hall, Church House Great Smith Street, 
London SW1. The symposium is sponsored by 
The Iron and Steel Institute and The Institute 
of Metals. Details of the technical sessions 
were given on page 324 of the April issue of the 
Journal. 


Honorary Vice-Presidents 


At the meeting of Council on 15 March the 
following were elected Honorary Vice-Presi- 
dents of the Institute 
Dr Howard Biers, DR. MONT., SC.M., F.I.M. 
(Union Carbide International Company) 
Dr T. P. Colclough, C.B.£., D.MET., F.R.L.C., 
F.1.M. (British Iron and Steel Federation) 


Bessemer Medal 1961 


The Council recently announced that the 
Bessemer Gold Medal for 1961 has been award- 
ed to Mr William Barr, 0.8.£. (Past- President), 
a director of Colvilles Ltd, in recognition of his 
outstanding work in the development of weld- 
able high-tensile steels for the engineering and 
shipbuilding industries. 


Sir Robert Hadfield Medal 1961 


The Sir Robert Hadfield Medal for 1961 has 
been awarded to Mr Emrys Davies, Managing 
Director of Brymbo Steel Works, in recog- 
nition of his outstanding work in the field of 
pre-refining of blast-furnace metal and subse- 
y sone use in either electric or open-hearth 
urnaces. 


Other awards 

Andrew Carnegie Silver Medal for 1960 

To Mr K. A. Satmon, of the University of 
Sheffield, for a paper on The kinetics of sulphur 
transfer from iron to slag (Journal, 1960, Dec- 
ember, vol. 196, pp. 393-403); his co-author, 
Dr R. G. Ward was not eligible for an award. 


Williams Prizes for 1960 (£50 each) 

To Mr T. McHveu and F. A. Krrx, both of 
Low Moor Fine Steels Ltd, for a paper (with 
Mr R. Cox who was not eligible for an award) 
on Some aspects of steel extrusion (Journal, 
1960,§ April, vol. 194, pp. 423-434); and to 
Mr J. Cuapman, of Steel, Peech and Tozer, 
and Mr W. Montrcomery (of Round Oak Steel 


Works Ltd) for a paper on The effect of flow 


distribution on air preheat in an open-hearth 


furnace (Journal, 1960, September, vol. 196, 


pp. 15-28). 


Special meeting in USA 
October-November 1961 


A notice has been sent to all Members giving 
the outline programme for the Institute’s 
Special Meeting in the USA and Canada this 
year. As previously announced, the Council has 
accepted with pleasure an invitation from the 
Metallurgical Society of the American Insti- 
tute of Mining, Metallurgical and Petroleum 
Engineers (AIME) to visit the USA in October 
and November. 

This will be only the third time that the 
Institute has held a meeting in America. There 
were meetings in New York in 1890 and 1904; 
plans for a meeting in 1938 had to be aban- 
doned owing to the Munich crisis. 

The meeting will be of six sections, as 
follows: 


(1) 17-21 October 
New York Opening session; visit to 
Fairless Works of US Steel Corporation 
21-25 October 
Niagara Falls and Canada Visits to 
Atlas Steels Ltd, Dominion Foundry and 
Steel Co. Ltd, Steel Company of Canada 
Ltd, and Union Carbide Corporation 
Laboratories 
(3) 25-27 October 
Cleveland or Detroit (alternative pro- 
grammes) Visits to Republic Steel 
Corporation works at Cleveland, Massil- 
lon, and Canton, or to ASM Congress and 
Metals Exposition 
27 October-2 November 
Pittsburgh Visits to US Steel Corpora- 
tion (Homestead Works and Monroe- 
ville Research Laboratories), Jones and 
Laughlin Steel Corporation (Aliquippa 
Works and Graham Research Labora- 
tories), National Forge Company, Car- 
negie Institute of Technology, ete. 
(5) 2-6 November 
Washington Sightseeing in Washing- 
ton; visit to Bethlehem Steel Corpora- 
tion (Sparrows Point works) 
(6) 6-8 November 
New York. 


te 


(4 


There will be two alternative post-meeting 
tours. One will be to Middletown and Chicago, 
visiting Armco Steel Corporation, US Steel 
Corporation (Gary and South Works), and 
Inland Steel Corporation. The other, a purely 
tourist excursion, will include Colonial 
Williamsburg, Richmond, Va., ete. 

The provisional programme provides for an 
official welcome in New York City on Thursday, 
19 October, but it is anticipated that some 
members will arrive a day or two earlier. 

Members will be able to travel to and from 
the USA by normal sea and air routes, but in 
addition aircraft will probably be chartered for 
Atlantic crossings at substantially reduced 
cost. Provisional dates for these crossings are: 
to New York, Tuesday, 17 October; from New 
York, Wednesday, 8 November 1961. 

Preliminary estimates of cost are included in 
the programme recently circulated to members. 


Autumn General Meeting 1961 


The Institute’s Autumn General Meeting will 
be held in London on Wednesday and Thurs- 
day, 29 and 30 November 1961. The main tech- 
nical session will be devoted to a symposium on 
‘The future of ironmaking in the biast-furnace’. 
Full details will be published later in the 
Journal. 


Announcements and News of Science and Industry 


NEWS OF MEMBERS 


Mr tvon A. Bailey has been elected a vice- 
president of The International Nickel Company 
of Canada Ltd. 

Mr J. Beech has been appointed United 
Steel Companies Research Fellow in Metal- 
lurgy at Sheffield University. 

Mr W. Birks is now working at the Max- 
Planck Institut fiir Physikalische Chemie, 
Gottingen. 

Mr P. H. Bowker has joined the Develop- 
ment Division of Alean Industries Ltd. 

Mr D. Cole has joined The Universal Metallic 
Packing Co. Ltd, Bradford. 

Mr J. F. G. Condé has been transferred to 
AERE, Winfrith, Dorset. 

Professor J. W. CGuthbertson has been 
awarded the Hothersall Memorial Medal of the 
Institute of Metal Finishing. 

Mr B. Davies is now with Stewarts and 
Lloyds Ltd, Corby. 

Mr D. R. G. Davies has been elected vice- 
president of the newly formed West Cumber- 
land Metallurgical Society. 

Mr T. Dennison has joined the board of 
Guest, Keen Lron and Steel Works. 

Professor @. H. Derge is the new chairman of 
the Iron and Steel Division of the Metal- 
lurgical Society of AIME. 

Mr W. GC. Fletcher has left the Rhodesian 
Iron and Steel Company and is now assistant 
works manager of the Irlam works of the 
Lancashire Steel Corporation. 

Mr G. Foster has been appointed general 
manager (production) at Dorman Long 
(Steel) Ltd. 

Mr GC. W. Gunnee has been appointed 
Manager, Technical Services, at Richard 
Thomas and Baldwins. 

Dr H. K. Hardy has been appointed Director 
of Fuel Element Development, UKAEA, 
Risley, Lancs. 

Mr W. Harrison is now with Rolls Royce 
Ltd, Aero Engine Division (Material Test 
Laboratory). 

Mr Walter Hitzinger is to become chairman 
and managing director of Daimler-Benz AG. 

Mr H. W. Homer has been appointed deputy 
chairman of Halesowen Steel Company. 

Mr D. B. Hunter is now with Samuel 
Denison and Son Ltd, Leeds. 

Mr R. 8. Jackson has been appointed Senior 
Lecturer in the Department of Metallurgy, 
College of Advanced Technology, Birmingham, 

Mr W. W. Kee has been appointed an 
additional director of Enfield Rolling Mills 
Ltd. 

Mr F. Kennedy is now a general works super- 
intendent at Dorman Long (Steel) Ltd. 

Mr M. C. Lioyd has been appointed a director 
of N. Hingley and Sons Ltd. 

Mr D. MacKenzie has been appointed a 
director of Rhodesian Alloys (Private) Ltd, 
Gwelo, Southern Rhodesia. 

Mr J. W. Middleton has been appointed 
manager in charge of the casti ite and the 
continuous casting plant at ‘heat y-Froding- 
ham Steel Company. 

Mr 6. Moody is now a general works super- 
intendent at Dorman Long (Steel) Ltd. 

Mr A. R. Neelands is now president of the 
Cementation Co. Ltd. 

Dr B. R. Nijhawan, director of the National 
Metallurgical Laboratory, Jamshedpur, India, 
has been elected vice-president of the Indian 
Institute of Metals, and a member of Council of 
the Mining, Geological, and Metallurgical 
Institute of India. 

Mr 6. F. Pagnamenta, 0.8.z., has been 
oegeutes a director of GKN Steel Company 
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8% NEWS 


Mr J. MH. Patchett has retired from the board 
of Dorman Long (Steel) Ltd. 

Sir Julian Pode (Honorary Treasurer) has 
been appointed chairman of the South Wales 
Committee of Lloyds Bank Ltd. 

Mr H. F. Spencer has accepted appointment 
as president of The British Lron and Steel 
Research Association. 

Mr P. E. White is now laboratory manager 
of the GKN Fasteners Corrosion Laboratory, 
and chief metallurgist of Thomas Haddon and 
Stokes Ltd, Birmingham, a member of the 
GKN Group. 

Mr P. Woolas, manager of the Cleveland 
Works of Dorman Long (Steel) Ltd, has re- 
tired. 


Obituary 
dohn Herbert Aston (elected 1907), of 


Hampton-in-Arden, Warwickshire, on 12 
February 1961. 

dohn Brown, ©.».e. (elected 1954), of East 
Preston, Sussex, on 10 March 1961. 

H. Basil Darby (elected 1927), of Birmingham, 
on 28 February 1961. 

Erik Frans Henrikson Kockum (elected 
1926), of Kallinge, Sweden, on 9 November 
1960. 

Thomas Rickman Lynam (elected 1939), of 
Oughtibridge, near Sheffield, on 3 March 1961. 

Robert Hunter Millar (elected 1947), of Bells- 
hill, Lanarkshire, on 24 January 1961. 

doseph Mark Deschamps (elected 1916), of 
Sydney, Australia, in 1959. 

Professor G. Sachs (elected 1954), of Syracuse, 
N.Y., on 29 October 1960. 

Arthur Edgar Tingle (elected 1948), of Cleve- 
land, Transvaal, South Africa, in 1960. 

Hugh Crawford Waterston (elected 1904), of 
Helensburgh, in March 1961. 


AFFILIATED LOCAL 
SOCIETIES 


WEST OF SCOTLAND 
'RON AND STEEL INSTITUTE 


Conference report: internal steel quality 


The Conference on Internal Steel Quality and 
its Assessment was held in May 1960: a report 
is nearly ready consisting of about 200 pages 
and bound in cloth. The report contains the 
full text of all the papers read and the relevant 
discussions. It will form volume 68 of the 
Journal of the West of Scotland Iron and Steel 
Institute. Copies, price 47s, may be ordered 
from West of Scotland [ron and Stee! Institute, 
39 Elmbank Crescent, Glasgow (2. 


SHEFFIELD METALLURGICAL 
SOCIETY 


Hatfield Memorial Prize 


At the annual general meeting of the Sheffield 
Metallurgical Society this year, Mr J. Hewitt, 
Assoc. Met. (Member), was awarded the 
Hatfield Memorial Prize for a paper ‘Some 
aspects of hydrogen in steel’. 

Mr Hewitt is with the research department 
of The United Steel Companies Limited. 


BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Report List 

The BISRA Report List has been redesign- 
ed in @ new format: the aim is to provide 
a reference guide of more permanent value to 
members of the Association than the previous 
lists. An order form is enclosed with each issue 
of the Report List and this makes clear which 
publications are available from BISRA and 
which are being advertised as a service to 
members but are not being distributed by 
BISRA. The Report List will be published at 
two-monthly intervals. 


THE INSTITUTE OF METALS 
Appointment of new Secretary 


The Council of The Institute of Metals has 
appointed Mr R. E. Moore to succeed Lieut.- 
Colonel 8. C. Guillan, T.p., who retired on 30 
April 1961, as Secretary of the Institute. 
Mr Moore has been Assistant Secretary of the 
Institute since 1947. 


Medals 1961 


The Council of The Institute of Metals has 
announced these awards of medals for 1961: 

The Institute of Metals (Platinum) Medal to 
Major C. J. P. Ball, p.s.0., M.c., F.R.AE.S., 
F.INST.MET., for services to the non-ferrous 
metal industries. 


The Rosenhain Medal to Dr P. B. Hirsch, of 


the Cavendish Laboratory, Cambridge, for 
contributions in the field of physical metal- 
lurgy and metal physics. 


The W.H. A. Robertson Medal and Premium 
to Mr Y. Yokote and Mr 8. Nomura, of the 
Shibaura United Engineering Co. Ltd, Tokyo, 
for their paper, ‘Rolling aluminium foil: an 
experimental study of a modern mill’, pub- 
lished in the Institute’s Journal (1960, 88, 
241-254). 

The medal, which is the gift of H. W. A. 
Robertson and Co. Ltd of Bedford, is awarded 
by the Council annually for the paper adjudged 
to be of the highest merit, contributed to the 


Journal of The Institute of Metals, on engineer- 


ing aspects of non-ferrous metallurgy. 


SOCIETE FRANCAISE DE 
METALLURGIE 


Conférence Chevenard 

In honour of the late Professor Pierre Cheven 
ard and in recognition of his outstanding ser- 
vice in physical metallurgy and in the system- 
atic study of alloys, the Société Frangaise de la 
Métallurgie has decided to establish a ‘Cheven- 
ard Conference’ to take place at regular inter- 
vals. 

Monsieur Xavier Wache, Director of 
Research at la Société Métallurgique d’Imphy 
opened the first conference, which was held in 
Paris on 19 April, with a survey of the work of 
Professor Chevenard and its extensions. 


Joint colloquium on metal forming 
La Société Francaise de Métallurgie is organiz- 
ing a colloquium jointly with the Institut fir 
Harterei Technik on ‘Problems of preliminary 
treatments to facilitate the forming of ferrous 
and non-ferrous metals both by removal and 
without removal of chips’. The colloquium will 
take place at 2 rue de Presbourg, Paris, on 24 
and 25 May and will be followed on 26 May by 
laboratory and works visits. The program 
consists of two plenary conferences in French 
and German; original papers on operational 
problems will be followed by general discussion. 
The fee for participation is 60 N.F., which 
includes the reception at the Maison de 
L’Amérique Latine on 25 May at the end of the 
sessions. 


CONTRIBUTORS TO THE 
JOURNAL 

H. Boenecke, pirt.-ruys._ Chief of Research 
at ‘OFU’ Ofenbau-Union G.m.b.H., Dissel- 
dorf, Germany.(Contributortothe A prilJournal). 
Mr Boenecke was born in 1912 in Hamburg- 





H. Boenecke 


T. H. Harris 
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VW. BE. Court 


C. LA. Hopkins 


Altona, Germany. He studied physics, mathe- 
matics, and applied mechanics at Géttingen 
University. From 1935-45, he worked on flow 
research using models at the Aerodynamics 
Institute, Géttingen, under Professors Prandt] 
and Betz. In the years 1945 to 1952, he carried 
out research at the Institute for Applied 
Mechanics in Géttingen and in other physics 
laboratories. Mr Boenecke was called to 
Diisseldorf in 1952 to work on the development 
of the ‘Thermo’ furnace, and joined the ‘OFU’ 
Ofenbau-Union G.m.b.H. as Chief of Research, 
where his main interests lie in the field of flow 
and combustion problems associated with a 
variety of furnace types. 


T. H. Harris, a.wer.— Manager, electrical melt- 
ing shop, Round Oak Steel Works Ltd. 

Thomas H. Harris was born in 1912. He was 
educated at Rossall School and joined the 
United Steel Companies apprenticeship 
scheme in 1930. He obtained his Associateship 
in Metallurgy at Sheffield University in 1935, 
when he was also appointed shift manager on 
the new electric melting shop at Samuel Fox 
and Co. Ltd. From 1935 to 1953 he was 
manager of the electric melting shop at 
Brymbo Steel Works Ltd, and from 1953 to 
1956 metallurgical engineer with Electric 
Furnace Company Ltd. Mr Harris joined The 
Iron and Steel Institute in 1936 and 
awarded a Williams Prize in 1951. 


M. E. Court, 8.4.—-Systems analyst, Organiza- 
tion and Methods Department, The Steel 
Company of Wales. 

M. E. Court is 26 years of age and was edu 
cated at Canton High School, Cardiff, and 
Bristol University, where he obtained an 
honours degree in arts. During his National 
Service he was commissioned in the Royal 
Artillery from whence he entered The Steel 
Company of Wales’ Operational Research 
Department. He moved to his present post 
after two years in the Operational Research 
Department. 


Cc. Li. Hopkins, 8.s..-Manager, Computer 
Developments, Organization and Methods 
Department, The Steel Company of Wales. 

C. Lil. Hopkins is 28 years of age. He was 
educated at Llanelly Boys’ Grammar School 
and University College of Wales, Aberyst- 
wyth, where he took an honours degree in 
mathematics. 

In September 1956 he joined the Research 
Department of Metropolitan Vickers Electrical 
Co. Ltd, at Trafford Park, Manchester, to 
work on designing water-wheel generators 
using @ computer. 

In March 1958 he became a member of the 
Operational Research Department of the Steel 
Division of The Steel Company of Waies Ltd. 
Last year when a Pegasus I computer was 
installed he was promoted to Senior Research 
Officer and Chief Programmer in charge of the 
installation and its running. On 1 March this 
year, he was appointed to his present post. 


NEWS OF SCIENCE AND 
INDUSTRY 

Appointments 

INCO 

Mr Ivon A. Bailey (Member) has been elected a 
Vice-President and Mr J. O. Hitchcock an 


Assistant Vice-President of the International 
Nickel Company of Canada Ltd. 
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Leybold- Elliott 

Mr A. D. Lidderdale was appointed recently to 
the post of General Manager of Leybold- 
Elliott Ltd, a member of the Elliott-Automa- 
tion Group. 

Stein and Atkinson 

Mr Russell Smith has retired from the chair- 
manship of Stein and Atkinson Ltd. Mr H. W. 
Howes has been appointed chairman in his 
place. 

Crofts (Engineers) Holdings 

Mr J. A. Croft has been appointed chairman 
of Crofts (Engineers) Holdings Ltd, Bradford, 
and of its principal operating subsidiary 
companies. 


Tin Research Institute: annual report 1960 
The Tin Research Institute’s annual report for 
1960 covers the activities of the Institute at 
Perivale, Middlesex, and overseas. The report 
lists research committees and other organiza- 
tions to which the Insiitute’s staff have given 
assistance. Technical advice was given toe some 
thousands of industrial users during the year. 
The report is available to libraries and other 
interested bodies from: Tin Research Institute, 
Frazer Road, Perivale, Greenford, Middlesex. 


New technique for hydrogen 
measurement 


The British Welding Research Association has 
evolved a new rapid technique for measuring 
the amount of hydrogen dissolved in steels: the 
prototype apparatus was used during 1960 
without failure. 

The new technique takes about 15 min in 
contrast with 2 h by older means. It uses a 
carrier gas principle in which argon is passed 
over a sample of steel heated in a furnace. The 
gas which is produced is swept along to a 
hydrogen-sensitive cell from which the result 
can be plotted directly on to an electrical 
graph recorder. 


Union Carbide undertakes refractory 
alloys study 

A program aimed at accumulating the 
necessary background information on refrac- 
tory metals for the development of a colum- 
bium-tungsten-tantalum alloy applicable at 
temperatures uP. to 3500°F (1928°C) is being 
undertaken by Union Carbide Corporation, in 
co-operation with the US Air Force. It will be 
carried out in three phases covering the effect 
of interstitials, strengthening mechanisms, and 
oxidation characteristics. 

The first phase will concern the effect of 
interstitial impurity elements on mechanical 
properties of refractory metals as a class; the 
second phase will cover high-temperature 
strengthening; the third phase will be a study 
of oxidation behaviour in the temperature 
range 2000-3000°F (1094-1649°C). Particu- 
lar attention will be directed to the columbium- 
and tantalum-base alloys which show maxi- 
mum oxidation resistance. 


New iron and steel film 


The second film in the ‘Industrial Notebook’ 
series produced for Shell-Mex and BP is 4 
miscellany of items about the iron and steel 
industry together with some interesting 
applications, both old and new. 
he film shows the early furnace at Coal- 

brookdale which was used for smelting the iron 
in 1779 for the first iron bridge in the world, 
which is still in use at Ironbridge. Early railway 
lines cast in 1767 are shown, contrasting with 
the modern layi and welding of 300-ft 
lengths into continuous track on British 
Railways. ; 

An industrial notebook on iron and steel is @ 
highly entertaining film which conveys some 
of the historical perspective and contemporary 
scope of the iron and steel industry. Made b 
Random Film Productions Ltd, it is in blac 
and white and available in 35 and 16 mm 
through the Shell-Mex and BP Film Library 
from 1 June. Running time is about 28 min. 

Copies of the Film Library catalogue for 
1960-61 are available from Shell-Mex House, 
London WC2. 


DSIR iatormation notes 


One ef the functions of the DSIR Warren 
Spring Laboratory is to act as a centre of infor- 
mateon and research in the field of mineral 
wrecessing. DSIR are te issue occasional 
nformation Notes, dealing with topics of 
current interest; the first two have recently 
become available. 

The first Information Note ‘Supercritical 
grinding’ is a survey ef current research based 
en a world-wide enquiry in the field of super- 
critical grinding. The second Note, ‘Cyclones 
in mineral processing’, reviews the available 
theoretical and practical knowledge of the 
design and performance of cyclones. 

The Notes are in the form of small book- 
lets, simply but clearly and attractively pro- 
duced. Inquiries should be addressed to DSIR, 
Warren Spring Laboratory, Gunnels Wood 
Road, Stevenage, Herts. 


Industrial health 


A Ministry of Labour booklet Health at Work 
gives 14 examples of industrial health schemes 
operating successfully in factories in different 
parts of the UK. It is not on sale but has been 
widely distributed to factory occupiers by HM 
Factory a It deals with such 
questions as how factory medical services are 
organized, and what they achieve, the attitudes 
of workers to their introduction, and the 
advantages derived by both employer and 
worker. 

In carrying out the survey, the Ministry 
obtained from each factory details of the 
nature of the work, the organization of the 
medical services, the medical and nursing work 
earried on, and its cost. Four of the factories 
employed from 231 to 300 workers; five 
employed from 500 to 1000; three from 1 000 
to 5000, and two more than 5000. Among the 
industries represented are heavy engineering 
and foundry work, and copper and metal 
refining. 

The reasons why firms considered it worth- 
while to spend more money voluntarily on 
medical supervision varied according to the 
type of industry, but the following were 
typical: the pre-employment examination was 
a safeguard for management and workers; 
from a practical point of view, speedy atten- 
tion to accidents and ill-health saved time; 
improvement in relations between employers 
and workers resulted from such a scheme. 

The general impression drawn from the 
reactions of workers was that the schemes of 
medical supervision provided a personal ser- 
vice which was guetly appreciated. The fact 
that immediate and expert attention could be 
given to the injured and sick aroused a feeling 
of confidence. In one or two instances there 
was some initial suspicion which soon disap- 
peared. The booklet gives detailed figures of 
the cost of the schemes provided. Annual 
running costs vary widely according to the 
nature of the services provided, and the 
numbers employed. Of the fourteen schemes 
described, seven cost £2 or less per head a year, 
five cost between £2 and £3, and the other two 
over £3. 


Company News 


International Combustion (Holdings) Ltd, and 
Simon-Carves Lid have announced that as a 
result of their complementary interests in 
many industries, it has been possible to 
develop pete | trading to a very sub- 
stantial extent, which has proved of great 
benefit to them both. Consequently a measure 
of integration .is to be effected, resulting in 
greater overall efficiency in operation and 
wider fields of application of the extensive 
experience inherent in both organizations. At 
the same time the individual identity of both 
organizations will be preserved and no altera- 
tion to existing commitments and associations 
of either company is envisaged. 

This in ion applies essentially to the 
technical fields and it is not intended that any 
merging of capital or financial resources should 
take py although such joint financial 
resources would be available for any large 
industrial undertakings, particularly overseas, 
requiri substanti capital outlay and 
extended credit facilities. 
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Shelton Iron tind Steel Company's £18-m. 
modernization programme will have the effect 
of raising output of finished joists and sections 
from just over 200000 tons a year to about 
300000 tons. The plan provides for the installa- 
tion of oxygen converters and continuous 
casting plant and the production of universal 
beams. 

After two years of trials by their research 
and development departments, Hadfields Lid 
are to instal a large-scale unit for producing 
vacuum-melted ingots ranging from two to 
nine tons, at their Kast Hecla works. 

The Boards of the Wellman Smith Owen 
Engineering Corporation Ltd and the Incan- 
descent Heat Company Lid have reached an 
agreement on a basis for the latter company 
and its subsidiaries to join the former's group. 

Stanton and Stavely Sales Lid is a new 
company which will handle all sales on behalf 
of the Stanton Ironworks Company Ltd, the 
Stavely Iron and Chemical Co. Ltd, and the 
Sheepbridge Co. Ltd. The new company will 
start operating on 1 July 1961. 

A new company, Head Wrightson India 
Limited has been registered to deal with the 
firm’s expanding interests in India. 

With its administrative headquarters in 
Calcutta, this company is a wholly owned 
subsidiary of Head Wrightson and Company 
Limited of Thornaby-on-Tees, England. It 
will act as a contracting company for the 
supply, as far as possible from Indian sources, 
of various types of plant to the designs of the 
parent company. 

The Chairman of Head-Wrightson India 
Limited will be Mr Peter Wrightson, who is 
also Vice-Chairman of Head Wrightson & Co, 
Ltd, and Mr Vaughan Pendred has been 
appointed Managing Director. 


Contract news 


Davy and United Engineering Company and 
Brightside Foundry and Engineering Company 
have received a contract worth over £2} m. to 
provide rolling mills for the Tinsley Park 
works of the English Steel Corporation. 

Moxey Ltd have received contracts worth 
about £2 m., including orders from Richard 
Thomas and Baldwins Ltd, Lancashire Steel 
Manufacturing Co. Ltd, Colvilles, and Consett 
Iron Co. Ltd. 

Distington Engineering Co. Ltd will provide 
an installation, believed to be the largest in the 
world, for the continuous casting of steel, for 
Shelton Iron and Steel Ltd. They are also to 
supply similar equipment for the same — 
to K-M Products Ltd, of Richmond, New 
South Wales. 

British Oxygen Company is to build a 200- 
ton oxygen plant for the Spencer works of 
Richard Thomas and Baldwins. 


INDUSTRIAL PUBLICATIONS 
RECEIVED 


A Complete service in Industrial Heat Engineer- 
ing is an attractive brochure describing some 
of the many applications of plant provided by 
the Incandescent Heat Co. Ltd to the metals 
and allied industries. 

I.C.T. no.5, issued by International Com- 
puters and Tabulators Ltd, describes the 
company’s products and their applications. 

Pelletising by Head Wrightson is a brochure 
from Head Wrightson Stockton Ltd. 

Acheson dispersions is « list of standard 
Acheson dispersions revised and reprinted in 
booklet form by Acheson Colloids Ltd. 

Engelhard Industries Technical Bulletin in- 
cludes articles on catalysts for acetylenes 
removal from gas streams, and developments 
in high-temperature thermocouples using 
noble metals. 


CORRIGENDUM 


In the list of contents for the ‘Abstracts’ sec- 
tion of the April 1961 issue of the Journal 
(vol.197, p.329) there is an error of 8 in each 
of the page numbers given, so that ‘337a” 
should *329a’, ete. 
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FORTHCOMING CONFERENCES 
Symposium: Electron microscopy group 


After the annual group conference of the 
Electron Microscopy Group (The Institute of 
Physics and The Physical Society) a one-day 
symposium will be held on 14 July at the 
University of Nottingham. The topic will be 
the physics of sectioning and the embedding 
process. The mechanism of sectioning, the 
action of glass and diamond knives. and em- 
bedding materials and their behaviour in the 
electron beam will be considered. 

Applications to attend should be made as 
soon as possible and in any case before 7 June, 
to: Dr R. Reed, Department of Leather 
Industries, The University, Leeds 2. 


Thirteenth Liége International Fair 


The theme adopted for the Liége international 
fair, Coronmeuse, Liége, Belgium, the thir 
teenth in the series, is ‘New designs and inven 
tions to speed the economic drive’. It will be 
held from 27 May to 11 June. 

The international fair will be sectionalized 
into 22 industrial groups: subjects range from 
cast iron and steel, railway and transport 
equipment, to industrial safety devices. 

The Liége Fair London Office, 178 Fleet 
Street, London EC4, welcomes enquiries about 
the fair. 


European convention of chemical 
engineering 1961 


The European Convention of Chemical Engin- 
eering 1961 is to be held at Frankfurt am Main 
from 9 to 17 June. It will inelude the following 
events: ACHEMA 1961 (13th chemical engin- 
eering exhibition-congress); special meeting 
and lectures of the Gesellschaft deutscher 
Chemiker; annual meeting of the DECHEMA, 


deutsche Gesellschaft fiir chemisches Apparat- 
wesen; annual meeting of the Isotopen 
Studiengesellschaft; and a symposium, ‘The 
physical and chemical durability of structural 
materials in chemical engineering’ (15th meet- 
ing of the European Federation of Corrosion). 

The UK honorary delegate is T. D. O’ Keeffe, 
M.A., Vice-President and European Manager, 
clo Roger Williams Technical and Economic 
Services, Inc., Hanover Court, Hanover 
Square, London W 1. Anyone w anting to organ- 
ize study group travel to the convention, or 
requiring further details, is advised to get in 
touch with him at the above address, or write 
to deutache Gesellschaft fiir chemisches 
Apparatwesen, DECHEMA 16, Frankfurt 
(Main) 7, Postfach 7746. 


DIARY 


3 May THE IRON AND STEEI 
Dinner for Members 
House, Park Lane, London 
7 for 7.30 pm. 
THE IRON AND STEEL INSTITUTE 
Annual General Meeting 1961, 
formal business and _ technical 
sessions—Institution of Mechanic- 
al Engineers, 1 Birdcage Walk, 
London SW1, 9.45 am. 
THE IRON AND STEEL INSTITUTE, 
THE INSTITUTE OF METALS —Joint 
symposium, ‘Structural processes in 
creep’--Hoare Memorial Hall, 
Church House, Great Smith Street, 
London SW1, 2.30 pm. 
8-11 May oreN pays—National Physical 
Laboratory, Teddington, Middx. 
12-13 May ROYAL SOCIETY FOR THE PREVEN- 
TION OF ACCIDENTS— National In- 
dustrial Safety Exhibition—Spa, 
Scarborough. 
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BRITISH IRON AND STEEL INDUSTRY TRANSLATION SERVICE 


The following translations are now available, 
in addition to those given on page 328 of the 
April 1961 issue of the Journal. 

When ordering, please quote the number in 
bold type. 


Caleulating heating conditions for steels to 
avoid thermal stress cracks. (From Russian.) 
Gotovanov, 8. G., Kuznechno-Shtampov. 
(Moscow), 1959, J, (10), pp.30-36. (£6 5s. Od.) 

(1588 

Value of tests in a high magnetic field, and 
their application to the study of steels. (From 
French.) Bastien, P., and Suumont, A., Rev. 
Mé. Mém. Sci., 1959, 56, July, pp.131-143. 
(£5 15s. Od.) (1607 

Soft-nitrided gears. Results of comparative 
tests. (From German.) Niemann, G., and 
Rertic, H., VDIZ, 1960, 102, Feb. 21, pp. 
193-202. (£7) (1887 

Method of determining the toughness of 
brittle materials, particularly sintered car- 
bides. (From Swedish.) Patmevist, 8., Jern- 
kont. Ann., 1957, 141, (5), pp.300-307. 
(£2 158. Od.) (1865 

Improved method of supplying oxygen to 
the flame of an open-hearth furnace. (From 
Russian.) Doproxnotov, A. A., Metallurg, 
1960, 5, Oct., pp.19-21. (£2 158. Od.) [1866 

Determination of oxides in steels. (From 
French.) Torrrrat, P. et al., Rev. Mét. Mém. 
Sci., 1960, 57, July, pp.493-499. (£4 15s. Od.) 

{1910 

Embrittlement and rupture of steels under 
stress in saturated solutions of H,S. (From 
French.) Herzoc, E., and Maiinowski, E., 
Rev. Mét. Mém. Sci., 1960, 57, July, pp.535- 
549. (£6 158. Od.) (1911 

The rolling process in the light of some new 
test results. (From German.) Pavoty, I. M., 
Freiberger Forschungsh. Met-.B 48, 
pp.26-56. (£10) (1942 

Historical development and present state of 
the theory of the piercing process in seamless 





rolled tube manufacture. (From Czech.) 
Poéta, B., Hutnické Listy (Prague), 1959, 14, 
(10), pp.844-849. (£6 5s. Od.) [1948 


Degassing of ferrous alloys in precision 
casting. I. (From French.) DestaBe, P., Mét. 
Constr. Mécan. (Paris), 1960, 92, March, 
pp. 139-153. (£5 5s. 0d.) [1954 

Development of the metallographic etching 
pattern, taking into account the quantity of 
metal electrolytically dissolved. (From Ger- 
man.) Kunze, E., and Horwn, E., Arch. 
Eisenhiit., 1959, 30, Oct., pp.613-619. (£3 15s.) 

{1971 


Investigations of the decomposition rate of 
carbon monoxide in the blast-furnace. (From 
German.) Scuenck, H., and Barts, H., Stahl 
Eisen, 1960, 80, Nov. 10, pp.1681—1689. 
(£4 10s. Od.) {1985 

Investigation of the strength of seamless and 
longitudinally welded tubes under alternating 


torsional stresses. (From German.) Cor- 
ngetius, A. E., VDIZ, 1960, 102, June 1, 
pp-645-650. (£4 158. Od.) {1994 


The application of a practical method for 
the measurement of the diffusion of hydrogen 
through mild steel sheet. (From French.) 


LaGcasse, P. E., and Livet, L., Rev. Mét. Mém. 
Sci., 1960, 57, Oct., pp.729-740. (£6 58. Od.) 
[2007 


The new Bremen iron and steelworks for the 
Kléckner-Werke AG in the North Sea coastal 
region. I. (From German.) HEEMEYER, W., and 
Assreck, W., Stahl Eisen, 1960, 80, Oct. 27, 
pp.1443--1448, (£3 15s. Od.) (2011 

The influence of nickel on the impact- 
resistance of austenitic manganese steel. 
(From Russian: Transl. from a French version, 
IRSID T 1246.) Brryvtrm, V. T., and 
Sapovsku, V. D., Trudy Institute Fiz. Met. 
(Moscow), 1956, (18), pp.66—71. (£4 5s. Od.) 

(2018 


Operation and modernization of pilger mill 
feeders. (From Russian.) KozHEevntkovy, 8. N. 
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17-19 May THE INSTITUTE OF PETROLEUM 
Symposium on engine testing of lub- 
ricants— Metropole Hotel, Brighton. 

19 May BRITISH TRADE FAIR—Sokolniki 

4 June Park, Moscow. 

22-27 May 3RD WORLD CONGRESS ON PREVEN- 

TION OF OCCUPATIONAL RISKS 

Paris. 

BRITISH PRODUCTIVITY COUNCIL 

Conference ‘Integrated data procea- 

sing’—Assembly Hall, Church 

House, Great Smith Street, Lon 

don SWI. 


24 May 


24-25 May socifré FRANCAISE DE METALL- 
URGIE, INSTITUT FUR HARTEREI 
TECHNIK ~— Joint colloquium on pre- 


liminary treatments in metal form- 
ing — 2 rue de Presbourg, Paris. 


27 May 13rH LIzGE INTERNATIONAL FAIR 
11 June Coronmeuse, Liége, Belgium. 

29 May 5TH INTERNATIONAL WATER SUP- 
3 June PLY CONGRESS — Berlin. 


7-10 June THE INSTITUTE OF PETROLEUM 
Summer Meeting— Harrogate. 

9-17 June EUROPEAN CONVENTION OF CHEM 
ICAL ENGINEERING ~ Frankfurt 
am Main. 

12-15 June BRITISH ELECTRICAL POWER CON 
VENTION Eastbourne. 

15-24 June inTERNATIONAL CONSTRUCTION 
EQUIPMENT EXHIBITION—Crystal 
Palace, London. 

19-22 June LABORATORY APPARATUS AND MAT- 
ERIALS EXHIBITION Royal Horti- 
cultural Society’s New Hall, Lon- 
don. 

20-24 June INTERNATIONAL 
LURGY CONGRESS 
Austria. 

27-30 June BRITISH CONFERENCE ON AUTOMA- 
TION AND COMPUTATION— Confer- 
ence, ‘Automation—men and mon- 
ey’— Royal Hall, Harrogate. 


POWDER METAL- 
Reutte, Tyrol, 


et al., Izvest. VUZ Chernaya Met., 1959, (3), 
pp. 143-155. (£6 5s. Od.) {2019 
A new non-destructive electro-magnetic 
testing procedure. (From German.) HaveLKa, 
F., Wissenschaftliche Z. der Hochschule fiir 
Schwermaschinenbau Magdeburg, 1959, 3, 
Dec., pp. 189-193. (£2 15s. Od.) [2030 
Evaluation of defects in welds by means of 
ultrasonics. (From German.) PAwLowskI1, Z., 
Wissenschaftliche Z. der Hochschule fiir 
Schwermaschinenbau Magdeburg, 1959, 3, 
Dec., pp.203—206. (£2 108. Od.) (2031 
Design and performance of a new ultrasonic 
probe for the examination of cast iron pipes. 
(From German.) Wenr, J., Wissenschaftliche 
Z. der Hochachule fiir Schwermaschinenbau 
Magdeburg, 1959, 3, Dec., pp.207-214. (£5) 
[2032 

Operational and lining problems with large 
electric arc furnaces. (From German.) PorkK- 
ERT, ©., Stahl Hisen, 1960, 80, Nov. 24, 
pp.1770-1775. (£3 5s. Od.) [2036 
Removal of dust from converter brown 
smoke using a wet electrofilter. (From Ger- 
man.) GUTHMANN, K., Stahl Eisen, 1960, 80, 
Nov. 24, pp.1803—1085. (£2) (2037 
Temperature measurement in steel melts 
with a new type of immersion thermocouple. 
(From German.) MEERKAMP VAN EMBDEN, 
H. J., Giesserei, 1960, 47, June 16, pp.328-329. 


(£1 5a. Od.) [2039 
The resistance of a blast-furnace carbon 
lining to attack by certain agents (slag, 


molten iron, CO,). (From German.) JANOWSKI, 
J., and Mazanek, E., Neue Hiitte, 1960, 5, 
Dec., pp.743-752. (£5 5s. Od.) [2056 

A brazing and braze-welding process under a 
vaporized flux. (From French.) DELForGE, J., 
Prat. Soud. (Brussels), 1959, 13, Feb., pp.25- 
29. (£2 5a. Od.) (2058 

Remarks on optimum heating and cooling 
rates during sintering of hard alloys of the 
WC-TiC—(TaC)-Co system. (From Czech.) 
Perrouik, M. et al., Hutnické Listy (Prague), 
1957, 12, (7), p.617-618. (£3 5a. Od.) [2081 
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ABSTRACTS 


These abstracts are also available on index cards in advance of publication in the Journal, each 
abstract being classified under the Universal Decimal system (UDC), Details and subscription 
notes can be obtained from the Secretary, The Iron and Steel Institute. 


MINERAL RESOURCES 


The dependability of proving rich martite and 
hydrohematite ores from the different = 
es of the yields of core drillings S. N. 
Dokukin (Razvedka i Okhr., 1960, (2), 14 20) 
From a consideration of the different methods 
of assessing ore deposits from drillings, i.e. 
geological, comparative, and statistical meth- 
ods, some coefticients are deduced applicable 
to the different deposits with regard to the 
different depths of the horizons from which the 
samples were drawn. 

Deflection diamond drilling at Wabana Mines 
(Can. Min. Met. Bull., 1960, §3, May, 309-314) 
After a short review of the general geology of 
the Wabana iron ore mines, and of exploration 
and development, the application, methods, 
and equipment used in experimental deflection 
drilling are briefly described and discussed 

The iron ore of Tréion (Nord) R. Thomas- 
Derevoge (Mines Mét., 1960, Dec., 711) 
brief account of a small body of ore, of a single 
bed 1 to 24 m thick, containing up to 34°, of 
iron, similar to that of Lorraine, situated in the 
extreme S.E. corner of the Nord Dept 
the Belgian frontier, exploited during the past 
century with a yield of less than 200000 t per 
annum. The article speculates on the un- 
explored extent of the body and the geological 
possibilities are discussed.— s.H.-s. 

Another deposit readied in Steep Rock (Ln. 
Min. J., 1960, 161, June, 114) Caland Ore Co. 
Ltd, a subsidiary of Inland Steel Co., has 
removed 160 million yd* of silt from the silt 
bed of the Falls Bay area of Steep Rock Lake, 
Ontario, preparatory to mining hig h-grade ore 
The operation, and the possibilities of the 
deposit are discussed, 

Hematite deposit-Section 5, Hundred of 
Campoona W. R. Ap p veby (Mining Rer., 8S. 

Austral. Dept. Mines, 1958, Dec. 31, (109), 
130-132) Two high-grade ore bodies are located 
and recommended for red ochre production. 

Iron ore prospecting Sections 17 and 19, 
rig worn of Kelly W. RK. Appleby (47i ning Rev., 

Austral. Dept. Mines, 1958, Dec. 31, (109), 
135 136) Direction of outcrops and iron con- 
tent of samples are given. 


, close to 


ORES— MINING AND TREATMENT 


St. Lawrence Seaway and the Canadian 
mineral industry with particular reference to 
iron ore RK. B. Elver (Can. Mines Mineral 
Information Bull. MR 40, 1960, Feb., Pp p.20) A 
review of the effect of the first season's opera- 
tion of the St Lawrence Seaway upon the 
Canadian mineral industry, giving statistics of 
iron ore, steel, and other materials carried. 

Pit operations at the Marmoraton Mine, 
Hastings County, Ontario ©. A. Lorenson and 
J. 8. K. MeChesney (Trans. Canad. IMM, 
1958, 61, 327-329) The use of NH,NO, as 
blasting explosive is particularly de alt with. 

Open-pit mining by the Iron Ore Company of 
Canada at Knob Lake, Quebec V. Grigoire 
(Trans. Canad. 1M M, 1958, 61, 279-285). 

Iron mining methods and costs, Greenwood 
Mine, Ishpeming, Mich. RK. ©. Annear and 
W. A. Cole (US Bur. Mines, Inf. Cire. 7971, 
1960, pp.36) Open, sublevel and shrinkage 
stoping at the Greenwood iron mine operated 
by Inland Steel Co. are described; mining costs 
and performance records are given. 

Automatic sampling of iron ore (/ron Steel, 
1960, 33, Oct., 519) A note on equipment sent 
to Italy and manufactured by Birtley Engin- 
eering Ltd. 

The present position of research into the 
flotation of Lorraine ores I. Javelie (Centre 
Doc. Sid. Core., 1960, (7-8), 1705-1714) After 
ten years’ work, a pilot plant has been develop- 
ed for the removal of calcite, but the flotation 
of siliceous gangue is not yet possible.—a.p.H. 

Concentrating argillaceous surface iron ore 
of Tuscaloosa County, Ala., by washing |. L. 
Feld, R. E. Perry, and W. E. Lamont (US 
Bur. Mines Rep. Invest., 5623, 1960, pp.15) A 
report on laboratory and semi-commercial 
experiments on the concentration of a marginal 
argillaceous haematite ore of average analysis 
32-2%,Fe, acid insoluble 45-5°%, 0-08°,P. A 
flow sheet shows screening and hydraulic 
classification to a concentrate of 51% Fe. 
Recovery is estimated at 55°. Agglomeration 
has not been necessary.—J.W.J. 

Flotation conditioning of iron ore with 
petroleum sulphonate Kun Li, KR. W. Living- 
ston, and L. K. Lemke (Bull. 1M M, 1960, 70, 


Oct., 19-31) The general principles are briefly 
outlined and it is pointed out that the surface 
chemistry 1s, as yet, insufficiently understood. 
The present paper attempts to translate 
laboratory data into plant practice and a 
‘Performance Index’ is evolved; this relates to 
the per cent recovery of Fe in terms of grade 
and feed. At the commencement of the process 
all solids are completely flotable while, at the 
end, only ore particles are flotable and silica 
particles are non-flotable; this differs from the 
usual conception. The necessity for selecting 
reagents and conditions to ensure optimum 
conditions of working is stressed.——-c.¥v. 

Beneficiation of iron ore by conductivity 
separation M. 8. Mairs (/ron Steel Eng., 1960, 
37, Oct., 167--169) Features of dry ore benefici- 
ation of non-magnetic ores using the high- 
tension process are discussed. 

Metzange tron Ore concentration plant P 
Guinard (Centre Doc. Sid. Circ., 1960, (7-—8), 
1715-1721) The system and plant for ore 
preparation involving crushing, classification, 
and magnetic separation of ore from the 
Angevillers mine are described.—-a.p.H. 

Treatment of iron-vanadium a ag A 
from Volkov ores D). G. Khokhlov, 
Pastukhov, 8. A. El’kin, V. A. Shamarin, .. Eg. 
tuchkin, A. I. Bychin, and K. B. Khusno- 
yvarov (Stal’, 1960, (12), 1061-1063) Trials on an 
830 t sample are described. Full-scale and 
laboratory scale tests on sintering, pelletizing, 
and firing were made and vanadium recovery 
was studied. The prospects of developing the 
process on a large scale seem favourable 

Freeing nickel concentrates trom iron Yu. \ 
Alekseev (Jzvest. Akad. Nauk, Otdel, Tekhn., 
Met. Toplivo, 1960, (3), 35-38) When melting 
Ni concentrates, obtained by the Fainshtein 
flotation method, at between 700 and 1 200°, 
two layers are obtained, a sulphide layer and @ 
sintered layer. The composition of the sintered 
layer may be controlled by the temp. It con- 
tains the high mp components of the original 
material and the iron extraction amounts to 
90°, at 700° and to 47-5%, at 1160°C. Ni, Cu, 
and S contents in the sinter decrease with 
increasing temp. The iron sulphide in the 
sulphide product is reduced by a factor of 5—" 
during melting as compared with the initial 
material and equals 0-2-0-4% between 700 
and 900°C while Ni, Cu, and Co as well as 8 
contents remain unchanged. 
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size analysis of Lorraine ores after 
stages of crushing before aggiomera- 
tion M. Pasquet (Centre Doc. Sid. Circ., 1960, 
7-8), 1675-1703) The importance of the 
roblem of fines in ironmaking and the factors 
ing on their production during primary 
and secondary crushing of Lorraine ores are 
discussed. Data obtained from ore preparation 
lants and from industrial trials are presented. 
hey show the need for smaller scale tests 
where the variables in crushing can be more 
closely controlled.—a.p.#. 

The industrial use of lime calcined in the 
rotary furnace at Espérance-Longdoz Vande- 
atrick (Centre Doc. Sid. Circ., 1960, (9), 1965 
1977; discussion 1977-1979) The physical 
Sng yer of the fine granular lime produced 

y the rotary kiln are discussed and data are 
presented concerning its desulphurizing and 
dephosphorizing power in basic Bessemer prac- 
tice. A.D. H. 


es the heating conditions in 
vertical limestone kiins V. Kravchenko and V. 
Nikolaev (Stal’, 1960, (12), 1107) A note from 
Zaperozhe. Gas pressures, gas consumption, 
and equalization of supply reduced consump- 
tion by 10%. 

—— roasting of Krivoi-Rog quartzites 
in a fluidized bed V. A. Sorokin, V. I. Kar- 
mazin, L. G. Katsen, A. I. Ivanov, and P. E. 
Ostapenko (Stal’, 1960, (12), 1057-1060) 
Quartzites with 3-5°%Fe were roasted in a 
single-zone reactor (60 t/m*/day with 8%, fuel 
eonsumption) and then could be concentrated 

yY magnetic separation to ~67%Fe. 

The application of fluidized bed reduction to 
Australian hematite ores K. J. Tucker (BHP 
Tech. Bull., 1960, 4, June, 18-21) A summary 
of the results of applying well-established 
reduction processes to fine grained hematites is 
presented and discussed.-—s.#.-s. 

Steelmakers pian pellet plants to head off 
foreign inroads T. M. Rohan (/ron Age, 1960, 
186, Sept. 15, 159-161) Shipment of pellets 
from US and Canadian plants are described as 
a record of five-year increases, compared with 
a slow-down of direct shipping ores and dozens 
of Great Lake ore boats in early lay-up. Up- 
graded iron ore and improved methods of 
furnace operation are claimed as the future 
pattern of US steel economics. —s. H.-s. 

Gas reactions play key role in iron-peliet 
reduction J. Huebler (/ron Age, 1960, 186, 
Sept. 22, 104-106) The action of CO and H, as 
the active reducing gases in direct-reduction 
and magnetic-roasting processes is diagram- 
matically shown and briefly discussed. 

Specialized maintenance for modern sinter 
plants J. Baranyi (/ron Steel Eng., 1960, 37, 
Sept., 146-148) Features of the sinter plant at 
the Ecorse, Detroit works of Great Lakes 
Steel Corp., and its maintenance are described. 

Determination of optimum bed thickness for 
the production of high-basicity sinter D. A. 
Rukhadze and N. N. Gordeziani (Stal’, 1960, 
(12), 1074) A note from Zakavkazskii. Lime- 
stone was increased to 15%, or more (basicity 
1-6-1-75) and the thickness to 290 mm. 
Quality improved, strand speed decreased 
4°8°,, and productivity increased 5-6"... 

Gaseous reduction of fine iron ores in the 
fluidized state S. Y. Ezz (Trans. Met. Soc. 
AIME, 1960, 218, Aug., 709-715) The quality 
and extent of fluidization of fine iron ore beds 
with gases were investigated. Factors affecting 
the rate of reduction with H, and the sintering 
of the partially reduced material were studied. 
Trials to retard sintering by covering the 
particle surfaces with non-sintering materials 
were successful.—s.H.-8. 

Cost effects of the chemical qualities of sinter 
fuels J. Griffen (Blast Furn. Steel Plant, 1960, 
48, Nov., 1164, 1176-1178) ‘Straight’ sinters 
only are considered, self-fluxing and burden- 
fluxing sinters being omitted. The paper deals 
mainly with the costs of smelting the ash of the 
sinter fuel. The effects of the amount of ash on 
blast-furnace performance and costs are shown 
to be substantial. 


FUEL--PREPARATION, 
PROPERTIES AND USES 


The sa ng of coal E. H. M. Badger (Coke 
Gaa, 1960, 22, March, 106-109, 111) The author 
explains the statistical background to Part I 


of BS.1017, revision of which has now been 
completed, and draws attention to the 
changes that have been made since the previ- 
ous revision in 1942,.—s.H.-s. 

Coking coal research (Coke Gas, 1960, 22, 
March, 110-111) A short description of the 
new coke research centre of Eastern Gas and 
Fuel Associates, Everett, Massachusetts, 
USA.—s.H.-s. 

Goal preparation at Price, Kentucky Bb. 
Grimm (Blast Furn. Steel Plant, 1960, 48, 
Sept., 929-932, 942) A description of the 
Inland Steel Company’s plant, with a flow, 
sheet. 


Biending coal for pilot-scale test ovens 
W. C. DeSieghardt and R. T. Eddinger 
(Blast Furn. Steel Plant, 1960, 48, Sept., 944 
946) A description of the design of a blender 
for mixing 450-600 Ib of blend for testing in 
pilot-scale coal-carbonization test ovens. 

Coal for blast-furnace coke production G. 
Granger (Coke Gas, 1960, 22, July, 317-319) A 
review (14 refs). 

The coking behaviour of Saar coals K. 
Hoehne (Gliickauf, 1960, 96, Sept. 10, 1203 
1219) A detailed investigation of the high- 
volatile Saar coals and techniques to be 
adopted to produce a satisfactory coke (13 
refs). 

Fuel balance in TISCO K. K. R. Choudhuri 
(Tisco, 1960, 7, July, 235-245) Following a 
brief review of major changes in the works 
1934-1959, their effect on fuel economy and 
production, details are given of plant heating 
equipment, fuel distribution and diagrams of 
layout of blast-furnace gas mains and the 
layout of coke-oven gas mains, heat consump- 
tion, and the overall fuel rate with its attend- 
ant flow-sheet.— s.H.-s. 

The Durgapur coking plant (Coke Gas, 1960, 
22, July, 286-292) A further illustrated des- 
cription with plan. 

‘ort Kemble coking piant--2 (Coke Gas, 
1960, 22, March, 99-105) The description of 
the works with details of the by-products plant 
and extensions of the coke-oven plant are con- 
cluded.—s.H.-8. 

Pilot-piant research into methods of improv- 
ing blast-furnace coke quality J. A. Gregory 
and D. H. Felton (BHP Tech. Bull., 1960, 4, 
June, 29-32) Tests conducted over four years 
to increase the strength of coke from certain 
N.S.W. coals are described and results sum- 
marized,—s. H.-S. 

Automatic contro! of the heating of coke 
ovens Yu. K. Nikitin (Aoks i Khim., 1960, (9), 
19-21) A constant volume ratio between the 
fuel mixture and the air ensures automatically 
the maintenance of the pressure at the top of 
the gas and air regenerators requisite for the 
rising current. An appropriate change in the 
consumption of blast-furnace and coke-oven 
gas ensures a constant heat from the com- 
bustion of the mixture. Automatic control 
makes it possible to change the heat consump- 
tion while maintaining constant the coefticient 
of excess air. 

Rotary hearth furnace promises cokemaking 
savings Salem-Brosius Inc. and N.Y. Mining 
and Manufacturing Co. (ron Steel Eng., 1960, 
37, Oct., 188) A rotary hearth furnace is used 
for the continuous production of metallurgical 
coke. A deep bed of coal is fed on to the hearth, 
and hot exhaust gases from high temp. zones 
in the furnace are directed to the zone im- 
mediately behind the feeding hopper igniting 
the coal. Recovery of by-products from the 
exhaust gases is feasible. 

Production and properties of high tempera- 
ture lignite coke IX. Rammiler and G. Bilken- 
roth (/ron Steel Rev., 1960, 4, July, 27-28, 33) 
A report on coke production for use in low- 
shaft furnaces. The carbonization process and 
the properties of the coke are outlined. 

he classification of coke by type and size 
N.S. Gryaznov, B. V. Shemeryankin, and A.8. 
Tzynovnikov (Koks i Khim., 1960, (10), 22-26) 
A new method is suggested for standardizing 
coke quality based on a classification of coke 
by type and size. Each coking plant should 
establish its standard of coke with limiting 
values for strength, ash and sulphur contents 
(and in certain cases also for phosphorus con- 
tent and porosity) all other indices for humid- 
ity, volatile matters, and dust etc. being taken 
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from a fixed classification table. A special 
index is suggested for the purpose. 

Goncerning the permissible ash content in 
blast furnace coke and the best ways of bene- 
ficiating coking coals 8S. I. Panchenko (Koks i 
Khim., 1960, (4), 3-6) The permissible ash con- 
tent could be asseased sufficiently closely if the 
coals could be freed to the greatest possible 
extent from barren rock as well as from the fine 
fractions which do not sinter during coking. In 
this case it would be possible to drive the blast- 
furnace with the greatest intensity with the 
same burden materials. The different coking 
coal deposits are reviewed and suitable meth- 
ods of beneficiation suggested. 

Agglomerating metallurgical coke by a new 
method of apportioning the burden V. 1. Dal, 
P. K. Finkel’shtein, V. F. Golenda, R. I. 
Popov, A. Z. Pashkevich, and V. Ya. Konradi 
(Koks i Khim., 1960, (1), 22-27) The Dnepro- 
petrovsk Coke and Chemical Factory has been 
entrusted by the Government with the work- 
ing out of a method for increasing the lump 
size of coke and so improving the charge in the 
furnace. A laboratory method is explained for 
forecasting the lump size of the coke in the 
charge according to its pitch content and other 
characteristics and on it are based recom- 
mendations which have been applied by the 
Dnepropetrovsk Coke and Chemical Works for 
improving the quality of their beneficiated 
coking coals. 


AIR POLLUTION AND SMOKE 


Use of membrane filters for determining the 
size of dust agglomerates as they actually exist 
in a gas stream L. J. Kane, H. C. Wright, and 
C. C. Shale (US Bur. Mines Rep. Invest. 5637, 
1960, pp.30). 

Electrostatic dust monitor 1). H. Grindell 
(JIE Eng., 1960, 6, June, 364-366) A descrip- 
tive paper giving design and proving tests with 
an interpretation of results.— 8.H.-s. 

Experience in cleaning blast furnace gas 
with the orifice washer G. E. Reid (/ron Steel 
Eng., 1960, 37, Aug., 135-139) Features and 
performance of the orifice type washers 
installed at the Pittsburgh Works Div. of 
Jones and Laughlin Steel Corp. are described. 

Symposium on basic oxygen furnaces: gas 
cleaning R. G. Gaw (/ron Steel Eng., 1960, 37, 
Oct., 81-86) Gas cleaning systems for the LD 
process are described and assessed, with par- 
ticular reference to practice in USA. 

Design consideration of bag houses for use in 
electric furnace operations S. pure (/ron 
Steel Eng., 1960, 37, Sept., 173-177) Temp. of 
gases, rate of fume generation, and dust load 
are considered, and the design of the cleaning 
equipment discussed. 

Controlling dust and fumes from an electric 
furnace (Foundry, 1960, 88, Sept., 196) An 
exhaust hood, equipped with telescoping and 
swivel connexion, and a dust collector in use at 
the electric furnace unit of the General Rail- 
way Signal Co., Rochester, NY, are described 
with brief details of equipment and operation. 
Constant ventilation is claimed completely to 
clear area of furnace dust and fumes, even 
during tapping.-8.H.-8. 

Removing noxious substances from cupola 
gases A. A. Kurnikov (Lit. Proizv., 1960, (9), 
5-12) In view of the importance which this 
problem assumes, special research is being 
carried out in the USSR. Figures given show 
that cupola gases contain on an average 





15°,CO and suspended solids amounting to 
20 g/m? in front of the spark extinguisher and 
about 13 g/m* beyond it, together with a large 
percentage of dust. The fulfilment of the seven- 
vear plan, unless drastic action is taken, means 
that 156000 t of dust and over 2 x 10* t of CO 
will be discharged vearly into the atmosphere. 
Such a volume of CO will contaminate 220 x 
10° m3 of air every 24 h to the maximum per- 
missible limit (health regulations for factories) 
of 0-03 g/m*. In view of the urgency of the 
problem a special study is being made at 
various institutions and some purification pro- 
jects are offered for discussion, 


TEMPERATURE MEASUREMENT 
AND CONTROL 


A homologous temperature scale for metals 
J. H. Westbrook (Met. Prog., 1960, 78, Sept., 
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100, 100B) A data sheet, based on the principle 
that metallic elements behave similarly in 
accordance with their absolute melting points, 
and applicable to the design of experiments on 
creep, and other temp.-dependent properties. 
Radiation ae of metals near the infra- 
red region of the spectrum 1). Ya. Svet (Dok- 
lady Akad. Nauk, 1960, 130, (1), 61-63) 
Measurements of the oxidized surface of Al and 
of some of its alloys point to a grey type of 
radiation. With A,=1-6 microns and A, = 1-9 
microns the radiating power of the surface of 
an aluminium ingot is greater by a factor of 
more than 4 (from 0-2 to 0-9) and affects the 
readings of a pyrometer of spectral ratio by at 
most 10°. The variations of an infra-red radia- 
tion pyrometer (with a A= | micron) reach 100°. 
Measuring the temperature of molten steel 
with low-temperature devices |. V. Karpov 
(Zavods. Lab., 1960, (6), 733-736) The method 
consists in the immersion of an ordinary 
thermocouple encased in a long refractory tube 
(I/d> 20). On immersion, this cylinder, say at 
room temp., has at its centre, i.e. on the 
thermocouple leads, a temp. considerably 
lower than in the metal bath, but with a 
definite relation to it. A theoretical basis for 
computing the molten metal temp. is given, 
based on the thermocouple readings, together 
with a wiring diagram of the electronic devices 
required. 
hermoelectric couples for measurement of 
foundry temperatures .. R. Perry (Rev. Nickel, 
1959, 25, May-June, 53-58) Materials and 
insulation, and precautions in use are dis- 
cussed. 


REFRACTORY MATERIALS 


Refractories. Report of Committee 6-8 
(ASTM Preprint 17, 1960, pp.13) The Report 
adds to C 18-52 new sections 80-84; method of 
analysis of silicon carbide refractories with low 
bond content, and to new definitions of acid 
and basic refractories. Changes are made in 
C 106-51, refractories for incinerators and to 
C 135-47, test for true specific gravity of 
refractories. Details are given of the following 
proposed tentative methods of testing: hydra- 
tion resistance of basic brick, and disintegra- 
tion of carbon refractories by alkali. 

Belpahar refractories plant S. N. Sircar 
(Tisco, 1960, 7, No.3, July, 246-262) The plant, 
with its equipment and operation is des- 
cribed in detail.—s.H.-8. 

Super-basic refractories plant Hi. K. Mitra 
(Tisco, 1960, % No.3, July, 263-272) The plant, 
its inception, present equipment, raw materi 
als handled, products, general layout, and data 
on finished bricks, are described, and results to 
date are discussed.—s.H.-s. 

The sillimanite group 1). R. Williamson 
(Colorado School of Mines, Mineral Bulletin, 
1960, 3, July, pp.12) Oceurrences, mining 
companies, foreign producers, uses, and 
properties are reviewed. Refractory uses and 
properties and corrosion resistance data are 
included. 

A trial with Dompierre dolomite caicined in a 
rotary kiln at Neau F. Amblard (Centre Doe. 
Sid. Circ., 1960, (9), 1945-1946; discussion 
1946) Service trials suggest that dead-burned 
Dompierre dolomite is superior to Neau dolo- 
mite for use in Bessemer bottoms.— A.D. H. 

The National Refractories Industry: its 
achievements and promise for our metallurgical 
growth F. J. V. de Franceschini (Bol. ABM, 
1960, 16, Oct., 693-721) A detailed account of 
the present position of the refractories industry 
is given and an analysis, with typical composi- 
tions and properties, of its products. The 
developments expected are outlined. The pres- 
ent-day use of refractories in the iron and steel 
industry is examined and trends in the 
industry are discussed. Graphs showing present 
consumption and the future likely demand are 
presented. Recommendations are made to 
guide refractories progress, these include (a) 
setting up laboratories and staff for testing 
refractory materials in the steel works, (b) 
recording indices of consumption and other 
operational data, (c) interchange of information 
by producers, (d) trials of new products (19 
refs).—P.s. 

New family of refractories maintains biast 
furnaces (Iron Age, 1960, 186, Sept. 1, 68-69) 





New castable materials, gun clays, and 
installation techniques, presented by Harbi- 
son-Walker Refractories Co. as a means of 
lengthening the life of furnace brickwork by, in 
some Cases, up to three years, through mono- 
lithie gunning, is briefly described with a 
sectional diagram of a blast-furnace detailing 
the type of materials recommended for the 
specific furnace areas.—-s.H.-8. 

Investigation of forsterite siphon brick linings 
after service F. Z. Dolkart and L. A. Kuz’mina 
(Ogneupory, 1960, (10), 474-477) This examina- 
tion has shown that these linings erode differ 
ently from the semi-acid and chamotte linings 
of the pouring channels. With the metal flow- 
ing through the siphon, the working surface of 
the forsterite linings becomes saturated with 
iron oxides and to a lesser degree by mangan- 
ese. Starting from the surface, a reduction pro- 
cess of the ferric oxide into ferrous oxide takes 
place, decreasing near the exterior surface. 
Because of the small erosion and of the 
absence of sweating of the refractory material 
the use of forsterite bricks may be of consider- 
able interest. This question has to be investi- 
gated further. 

Quality parameters of 35 super-duty plastic 
retracto G. R. Eusner and D. H. Hubble 
(Amer. Ceram. Soc. Bull., 1960, 39, July, 349 
353) Of 35 brands tested in this investigation, 
13 heat-setting and 7 air-setting brands had 
general characteristics necessary to good per- 
formance in steelplant applications: including 
low shrinkage during drying, good intermedi- 
ate-temp. strength, good volume stability at 
high temp., good resistance to load-deforma- 
tion and spalling, and decreasing porosity 
without excessive liquid formation as temp. 
increases. Results indicate little advantage in 
air-setting plastic refractories in steelplant 
applications because air-setting and heat- 
setting brands are equally strong after moder- 
ate heating. s.H#.-8. 

Tar bonded retractories promise longer cam- 
paigns J. ©. Hicks (Steel, 1960, 147, Sept. 12, 
132, 135) A new line of tar bonded bricks, a 
combination of dead burned dolomite and peri- 
clase, claimed to have solved the problem of 
hydration in hurnid storage areas, now being 
produced at Kaiser’s Moss Landing (Calif.) 
plant and already in use with Dominion Steel 
at Hamilton, Ont., and on test in Austrian 
furnaces is described, with details of methods 
of manufacture, and suggested heating temp 
up to 1800°F in 10 min and an operating temp. 
of 2200°F in half an hour .—-s.4.8. 

Machinable refractories (/ron Steel, 1960, 33, 
Oct., 518-519) Zirconite, a refractory dev elop- 
ed by W. & C. Spicer Ltd, for high-temp. use, 
which can readily be worked by simple tools, is 
described and details are given of two other 
machinable refractories. 

Refractory usage in metal smelting W. H. 
Dennis (Refract. J., 1960, 36, June, 177-184) 
The principal refractory materials are briefly 
considered and their uses in blast-furnaces and 
stoves, OH furnaces, and converters as well as 
non-ferrous furnace installations are outlined. 

Determination of the gas permeability of 
refractory brick H. Beck (Arch. Eisenh., 1960, 
31, Oct., 607-616) An account of a co-operative 
investigation, commencing with preliminary 
experiments to determine the conditions under 
which gas permeability could be measured 
accurately. Influence of method of manufac 
ture, type, and shape of brick was investigated 
(31 refs). 

Study of the diffusion of iron oxides into 
chrome-magnesite refractories with labelled 
atoms A. 8S. Frenkel’, D. M. Shakhtin, and 
V. D. Kovalev (Ogneupory, 1960, (10), 460 
467) Measurements are described of the diffu- 
sion coefficient from abrasion and absorption 
data. Both methods have given comparable 
results. It has thus been possible to determine 
the relation between temp. and the diffusion 
coefficients of iron oxides into chrome magnes- 
ite, chromite, and magnesite refractories. 


IRON AND STEEL GENERAL 


A look at steel abroad T. J. Kes (Jron Steel 
Eng., 1960, 37, Oct., 91-108) A report of a visit 
made to 32 steelmaking, engineering, and 
research establishments in Great Britain and 
Europe. 
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Development of the French iron and steei 
industry P. Bastien (Arts et Manuf., 1960, 
(96), 20-26) Economic and technical aspects 
are discussed. 

The quality iron and steel industry in France 
R. Morizot (Mét. Constr. Mécan., 1960, 92. 
Nov., 851) Introduction by the President of 
the Chamber of Producers of Fine and Special 
Steels, to the third special number of La 
Metallurgie et la Construction Mécanique 
devoted to special steels, with a statement of 
the position of the French Steel Industry 
within the Common Market.—s.H.-8. 

Metallurgy in full development |). Stanescu 
(Met. Constr. Masini, 1960, (7), 579-584) A 
general picture of the development of Ruman- 
ian metallurgy foreseen in the six-year plan 
ending in 1965 is given, for example, coke pro- 
duction will increase by 260°, as compared 
with 1959, iron-ore extraction by 380%, pig- 
iron production by 236%, steel output by 
230%. The help given by the Soviet Union is 
considerable and includes the delivery of a 
fully equipped blooming and slabbing mill of 
3-8 = 10° t yearly capacity and of a plate mill 
of 1-8 10% t. 

Steel and the metallurgical industries in the 
third plan (Jron Steel Rer., 1960, 4, July, 21-25) 
Extracts from the draft outline for the third 
five-year plan for India are given, Steel expan 
sion is particularly considered. 

The iron and steel industry in india G. 
Grenier (Mines Mét., 1960, Dec., 713-715) The 
operation of three new plants in Bengal, those 
of Bhilai, Rourkela, and Durgapur, with their 
processes, equipment, and products is briefly 
described.—-8.H.-8. 

The Durgapur iron and steelworks V. 58. 
Swaminathan (Coke Gas, 1960, 22, June, 243- 
249) A brief outline of the whole Durgapur 
project of the Indian Steelworks Construction 
Co. (ISCON), covering equipment, supplies of 
raw materials, transportation, labour, and 
cognate subjects.-8.H.-8. 

A guide to the Chinese steel industry R. 
Sewell (Brit. Steel, 1960, 26, July, 259-263) 
Raw materials, existing plants, future plants, 
research, development, and the manufacture 
of steelworks equipment are surveyed. 

The evolution of the iron and steel industry in 
South Africa ©. M. Kruger (Jron Steel Eng., 
1960, 37, Oct., 136-150) Deals mainly with the 
development and present position of ISCOR. 

Granite City Steel adds to expansion program 
(Iron Steel Eng., 1960, 37, Sept., 209) Details 
of projected alterations and plant expansions 

a battery of coke ovens and a continuous 
annealing line. 

Mexico’s pioneer integrated steel pliant will 
increase its yearly output and diversify its 

oducts ©. Langenecker (Blast Furn. Steel 
Plant, 1960, 48, Nov., 1140-1163) A ——s 
tion of the development, and raw materials, 
iron- and steelmaking, rolling, and finishing of 
plant and operations of Cia. Fundidora de 
Fierro y Acero de Monterrey, SA, Mexico. 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


All-Union conference of biast-furnace and 
sinter plant ators Ya. I. Dashevskii and 
L. Z. Khodak (Stal’, 1960, (12), 1156-1157) A 
brief report of the subjects discussed and the 
recommendations at the conference held at 
Magnitogorsk, Oct. 25-29 

Granite City uses off-site technique in re- 
building blast furnace (/ron Steel Eng., 1960, 
37, Oct., 179-180) A 700-t prefabricated sec- 
tion of a new blast-furnace was moved into 
position in the blast-furnace structure. Details 
of the operation are given. 

Optimum construction of the biast-furnace 
hearth pad A. N. Spektor (Stal’, 1960, (12), 
1071-1074) A review of pad construction and 
rate of wear at various works is given and 
water and air-cooled designs are asseased. A 
proposed method of construction is outlined 
in which the pad is enclosed in a cylindrical 
shell and constructed of numerous layers of 
graphitized blocks at the periphery with high- 
alumina blocks at the centre protected with 
rammed chrome—hematite-magnesite-carbon 
550-1100 mm thick. 

Blast proportioning B. A. Farrell (BHP Co. 
Ltd, Information Circular No.4, 1959, May, 
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pp-17) The method is outlined and advantages 
that would be expected are mentioned. 

Bosh tuyeres 6. A. Farrell (BHP Co. Ltd, 
Information Circular No.3, 1959, April, pp.7) 
Theory and a literature survey are given 


(12 refs). 

Some aspects of modern biast furnace prac- 
tice W. D. Millar (Blast Furn. Steel Plant, 
1960, 48, Sept., 933-939) The beneficiation 
programme at the Fairless Works of US Steel 
Corp. is described. The effects of ore burden 
wractice, the use of fluxed sinter, and other 
actors on blast-furnace performance are 
examined. 

Biast-furnace operation on sized sinter S. K. 
Trekalo, N. M. Yakubtsiner, V. N. Andronov, 
G. F. Grigor’evykh, V. D. Kailov, and A. B 
Shur (Stal’, 1960, (12), 1063-1070) Extensive 
trials on one of the furnaces at Cherepovets 
are described. Sinter was considerably broken 
up in transport and required screening on dis- 
charge from the bunkers, Fines below 5 mm 
were removed, reducing the pressure drop in 
the top of the stack by one-third though 
increasing the number of charges in the cycle 
by one-fifth. This gave more uniform distribu- 
tion and improved coke rate. Separate charg- 
ing of large and fine sinter fractions gave 
further improvements, 

Biast furnace operation using natural gas 
D. A. Rukhadze and N. N. Gordeziani (Stal’, 
1960, (12), 1074) A note from Zakavkazskii. 
Two furnaces used respectively 158 and 166 
m?*/t of Karadag mabe gas with a fall in coke 
rate of 16-2 and 16-8% and 1% increase in 
productivity. 

Devices for cooling the under hearth of biast 
furnaces J. Ladouce (Centre Doc. Sid. Circ., 
1960, (7-8), 1723-1728; discussion 1728) 
Details are given of the cooling of two carbon 
block hearths by air and water cooling respec- 
tively.—a.D.H. 

Use of humidified biast and high biast tem- 
er in blast furnace operation B. A. 

‘arrell (BHP Co. Lid, Information Circular 
No.2, 1959, Jan., pp. > (24 refs). 

Predicting of oxygen, moisture and 
fuel additions on biast furnace operation with 
electronic computers A. L. Hodge (/ron Steel 
Eng., 1960, 37, Aug., 170-174; also Blast Furn. 
Steel Plant, 1960, 48, July, 665-675, 689) 
Investigations carried out by the Linde Co. 
Div. of Union Carbide Corp. into control of 
these factors through the use of a standard 
mathematical model are described. The opera- 
tion of the model is based on subdividing the 
furnace into three parts, the utilization of a 
‘standard case’ and the application of a com- 
plex trial and error method of calculation. 
Such factors as complete heat and material 
balances, relative heat transfer in the shaft, 
direct v. indirect reduction, H, reduction, 
shaft velocity, heat losses, wind rate, and pres- 
surization are incorporated in the model. 

The influence of the Micum M40 index on the 
descent of blast furnace charges at Ougrée 
E. Noel (Centre Doc. Sid. Circ., 1960, (7-8), 
1729-1735; discussion 1735) Irregularities 
which occurred in the working of several blast- 
furnaces were shown to be a result of poor 
quality coke. The number of slips was propor- 
tional to the Micum Coke Index.—a.p.H. 

Recent developments in the preparation of 
blast furnace charged: self-fluxing sinters G. 
Sironi (Met. Ital., 1960, §2, Sept., 607-614) A 
further improvement in blast-furnace practice 
is achieved by using self-fluxing sinter ob- 
tained by additions of basic materials to an 
acid-ore mixture. An investigation has been 
carried out using several types of sinter. Using 
Italian and foreign ores of vary Ing composition 
the effects of basic additions on the properties 
of self-fluxing sinters on the sintering time, on 
fuel consumption, on desulphurization, and on 
the coke rate are investigated. 

Biast furnace burden preparation with refer- 
ence to high ash coke R. F. Jennings and A. M. 
Frankau (Symposium on Iron and Steel 
Industry in India, 1959. Feb., 90-94) Burden 
preparation, including sintering in Indian 
practice are described, economic and technical 
aspects are discussed. With relatively high ash 
cokes such as are available in India, it is shown 
that coke rate should be reduced to bring the 
slag volume as low as possible; the best way of 
achieving this with a rich ore burden is to 





work with a suitably crushed ore and sintered 
fines. 

Smelting low- ag, mo pig iron I. Dinu, 
8S. Popa, and N indler (Met. si Constr. 
Masini, 1960, 12, (5), 383-389) Experiments 
are described divided into three periods during 
which the Mn ore content in the charge was 
varied, together with the basicity of the slags 
by varying the lime portion of the burden. The 
final results show that production of OH con- 
version pig iron with a reduced Mn content is 
possible with imported coke. The findings also 
show an appreciable reduction in production 
costs amounting to about 87 lei/t of iron 

Further developments in smelting practice 
with Saizgitter ore H. Schumacher (Stahl 
Eisen, 1960, 80, Oct. 27, 1458-1468) The 
smelting of the unprepared Salzgitter iron ore 
is an uneconomic proposition, but the cost of 
the iron produced has been reduced by ore 
preparation and modified blast-furnace prac- 
tice. The Salzgitter burden tends to hanging, 
this could be checked by modification of the 
charging installation. The slag which is of the 
high-acid type is a highly valuable road build- 
ing material and proceeds of its sale help 
materially to make the new smelting practice 
of Salzgitter ore an economic proposition. 

Studies on carbon and heat consumption in 
the biast furnace. |. On the carbon and heat 
consumptions in biast furnace T. Yatsuzuka, 
J. Sawamura, 8S. Ota, and T. Fukuda ({ T'etsu to 
Hagane, 1960, 46, June, 643-652) Carbon and 
heat balances are drawn up for basic and 
foundry iron practice, and are related to the 
heat requirements of the charge. The results 
are rélated to furnace operation from the theo- 
retical and practical standpoints. Il. Applica- 
tion of results derived from carbon and heat 
consumption (July, 741-747) The results of 
heat-balance calculations for various burdens 
are applied to practical operating conditions, 
e.g. Si content of iron, changing from basic to 
foundry practice, and moisture in the blast. 

Experience gained in the measurement of the 
wear of the lining of biast furnaces with radio- 
isotopes R. Flossmann and R. Geidel (Stahl 
Eisen, 1960, 80, Nov. 24, 1753-1759) The 
various known methods of wear measurement 
of the lining of blast furnaces are reviewed and 
the calculation of the activity of Co is dis- 
cussed with reference to measures to be taken 
for preventing the iron from becoming too 
radioactive. The placing of the isotopes in the 
lining and the evaluation of the test results are 
described and the findings shown graphically. 
The strongest activity employed was 36 me for 
testing a lining of 900 mm thickness including 
armour. The resulting highest activity of the 
iron was 0-18 me/t.—tT.«c. 

Use of natural gas in an experimental tat 
furnace N. B. Melcher, J. P. Morris, E. 
Ostrowski, and P. L. Woolf (US Bur. Mine, 
Rep. Invest., 5621, 1960, pp.15) To improve 
efficiency, natural gas was introduced through 
auxiliary tuyeres into the melting zone of an 
experimental blast-furnace of 4 ft hearth dia. 
Gases produced from CH, are more effective 
reductants, and higher temp. are possible with 
smooth working. Production rate is increased 
and fuel consumption decreased. — 3.w.3. 

Contribution to the problem of the pressure 
of the charge in the biast furnace V. K. Kropo- 
tov (Stal’, 1960, (11), 972-977) Model experi 
ments related effective weight to blast pressure 
drop. The mathematical expressions are given 
and applied to the furnace, The pressure during 
settling is much less than in the static state at 
charging, and is similar to the decrease of bulk 
density. 

The effect cf natural gas and oxygen on the 
height of the combustion zone and on the 
hearth temperature of intensively driven biast 
furnaces Yu. I. Borisov and L. M. Tsylev 
(Izevestia Akad. Nauk. Odtel. Tekhn. Met. 
Toplivo, 1960, (1), 9-20) Additions of natural 
gas to the air blast reduce temp. and corres- 
pondingly retard coke combustion. Additions 
of oxygen increase the temp. in the combustion 
zone, and coke combustion is intensified. The 
zone of gas circulation is shortened on the 
addition of natural gas and is extended with 
oxygen additions. The zone of maximum CO, 
content moves away from tuyeres on addition 
of the natural gas and also on enrichment of 
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the mixture by oxygen. It is possible to 
establish normal conditions and also to intensi- 
fy the heats by varying the volumes of air, 
natural gas, and oxygen in the blast. 

Regarding certain factors determining the 
mg ow in biast furnaces Wang Te-jung and 

M. Tsylev (Izvest, Akad. Nauk., Otdel. 
Tekhn. Met. Toplivo, 1960, (2), 11 20) The 
static fluid resistance of the column of the 
charge in motion is smaller than that of a 
stationary column. The higher this fluid resist- 
ance the smaller the pressure losses. The reduc- 
tion of the resistance of the column of moving 
materials does not depend on the volume of 
blast or on the rate of descent of the materials. 
The effect of this motion of the materials on the 
gas flow in the hearth of models is insignificant 
but it contributes nevertheless to the non- 
uniform distribution of the gas in the furnace. 
The effect of tuyere diameter depends on the 
manner of charging and on the volume of the 
blast. 

Study of the degree of dissociation of carbon 
monoxide in the blast furnace H. Schenck and 
H. Barth (Stahl Eisen, 1960, 80, Nov. 10, 1681 
1689) The dissociation of CO was studied, in 
the laboratory, in contact with sulphur-bearing 
metallurgical coke and charcoal. The reaction 
rate is reduced in the presence of the coke 
whereas no effect was found with the charcoal. 
The retarding effect of the sulphur from the 
coke could almost be eliminated by addition of 
CaO. The thermodynamics of the reactions 
involved are explained and shown in many 
tables and graphs. Tests carried out on a blast 
furnace showed that the amount of dissocia- 
tion carbon deposited on ore samples is very 
much less than was previously thought. The 
structure of the dissociation carbon was 
studied under the electron microscope; only 
traces of this type of carbon was found in the 
flue gas, the bulk present originated from wear 
of the coke.—t.«. 

Proper distribution of transducers for auto- 
matic control of horizontal charge distribution 
P. N. Grekov, V. K. Gruzinov, and B. L. 
Lazarev (Stal’, 1960, (11), 977-980) The equip- 
ment of a rotary charge distributor for the 
blast furnace is described. Thermocouples 
placed in the lining of the furnace top are too 
insensitive and of low durability. They should 
be placed in the furnace top above the armour 
ing, and channelling is located .and can be 
corrected by reading the differences between 
the batteries of thermocouples. 

Computer: Key to predicting biast furnace 
behaviour A. L. Hodge (/ron Age, 1960, 185, 
June 2, 61-63) Some results of computer calcu- 
lations on the effects of variables on blast- 
furnace performance are given. Several curves 
show the effect on production and coke rate of 
such factors as moisture content, O, content, 
and temp. of the blast. Although the results 
refer to specific furnaces, they serve generally 
as qualitative guides. Predicted results have 
been found to agree well with practice. Such a 
technique is a useful preliminary to furnace 
trials.——-p.L.c.P. 

Low shaft furnace pilot plant (‘; og mon 
Tron and Steel Industry in India, 1959, Feb. 4, 
46-54) An illustrated account of the construc- 
tion and layout of the !5-t/day pilot plant of 
the National Metallurgical Laboratory erected 
at Jamshedpur. 

Experience with the low-shaft furnace at 
Ougree H. Malcor (Symposium on Tron and 
Steel Industry in India, 1959, Feb., 230-242) 
The layout of the plant completed at Ougrée in 
1955 is deseribed in some detail, the programme, 
of trials enumerated, and details of results 
obtained are reported and discussed. 

The effect of the heat of combustion, the 
humidity of the biast furnace gas and of the air, 
on the hydraulic condition of coke ovens \. \. 
Kazmina (Koks i Khim., 1960, (3), 18-22) 
The required pressure in the flues depends on 
the heat of combustion, the humidity of the 
fuel gas, the temp. and also on the humidity of 
the air participating in the combustion. The 
available methods of controlling the air supply 
do not ensure at the same time uniform 
hydraulic conditions to the battery and the 
necessary excess of air. The air supply may be 
controlled by the draught in the flues but the 
pressure of the ascending air current of the 








possible to 
so to intensi- 
umes of air, 
st. 


mining the 
Te-jung and 
lauk., Otdel. 
11-20) The 
lumn of the 
n that of a 
s fluid resist- 
s. The reduc- 
in of moving 
e volume of 
he materials. 
terials on the 
insignificant 
to the non- 
the furnace. 
yends on the 
plume of the 


on of carbon 
Schenck and 
ov. 10, 1681- 
s studied, in 
phur-bearing 
The reaction 
of the coke 
the charcoal. 
ur from the 
y addition of 
he reactions 
wn in many 
ut on a blast 
of dissocia- 
iples is very 
hought. The 
carbon was 
oscope; only 
found in the 
od from wear 


ors for auto- 
) distribution 
, and B. L. 
)) The equip- 
utor for the 
ermocouples 
» top are too 
They should 
the armour- 
and can be 
ices between 


last furnace 
e, 1960, 185, 
uputer calcu- 
es on blast- 
*veral curves 
coke rate of 
O,g content, 
1 the results 
‘ve generally 
results have 
etice. Such a 
y to furnace 


ym posr unon 
1959, Feb. 4, 
he construc- 
lot plant of 
tory erected 


| furnace at 
on Iron and 
b., 230--242) 
at Ougrée in 
programme, 
ls of results 
ed. 
ibustion, the 
nd of the air, 
}ovens \. Vv. 
(3), 18-22) 
: depends on 
1idity of the 
humidity of 
bustion. The 
he air supply 
me uniform 
ery and the 
pply may be 
flues but the 
rrent of the 





regenerators will change. With a change in the 
temp. of the tunnels from 20 to 60° the water 
gauge pressure of the gas will change by up to 
0-8 mm. To maintain a constant excess of air 
the air supply for the combustion should be 
taken from between the base plate and the 
flooring over the gas duct; this will reduce the 
temp. of the bottom plate. 

Oxygen enrichment of the air supplied to 
blast furnaces B. A. Farrell (BHP Co. Lid, 
Report No. CRL.17/59, 1959, Aug., pp.48) 
Largely a literature survey with the expected 
advantages set out in conclusion. 

Me mee experience with the nuclear ray 
bl furnace stock auge P. D. Johnson (Jron 
Steel Eng., 1960, 37, Aug., 168-169) Stock 
level changes are determined by the changes in 
intensity of beams of gamma radiation, as 
measured by detectors in various positions 
opposite to the source. When stock inside the 
blast-furnace obstructs the beam, the signals 
are reduced in intensity. A special port design 
reduces shielding and enables sources to be 
kept down to a safe level of intensity. 

High top pressure biast furnace operation 
B. A. Farrell (BHP Co. Ltd, Information 
Circular No.1, 1958, Nov., pp.37) A description 
with much tabulated data and diagrams (46 
refs). 

Low shaft furnace pilot pliant National 
Metallurgical Laboratory (Pamphlet issued on 
inauguration of plant, 1959, Feb.5, pp.12). 

The reduction of iron ores and the use in 
steelworks of iron sponge or reduced ores J. 
Astier (Rev. Mét., 1960, 57, Oct., 867-880) 
Data are given on the principal processes for 
the reduction of iron ores in the solid state. 
Problems associated with the use of these 
products in the electric furnace are discussed, 
and the advantages of enriching the reduced 
ores are indicated, with reference to work 
earried out by IRSID (17 refs). 

Reduction of iron oxides by mixtures of 

hydrogen and carbon monoxide at low tem- 
peratures A. G. Moskvicheva and G. I. Chufar- 
ov (Zhurn. Prikl. Khim., 1960, 33, (10), 2212 
2215) The iron oxides were prepared by preci- 
pitation from FeCl, solutions with ammonia. 
The ferric hydroxide so obtained was dried at 
80° and calcined in air at 450°. The magnetic 
iron oxide was prepared by oxidizing sponge 
iron, prepared by the reduction of Fe,O, at 
500° with carbon dioxide. The tests were 
carried out with mixtures of H, and CO at a 
pressure of 240-260 mm at 275° in a vacuum 
apparatus with circulation of gases and freez- 
ing out of gaseous reaction products in traps 
immersed in liquid N,. The pressure was main- 
tained nearly constant by making up the 
mixture periodically. The findings confirm the 
kinetic pattern of the reduction of iron oxides 
by pure gases viz: at low temp., CO is the more 
active reducing agent for Fe,O, and H, for 
Fe,0,. 
Alternative processes for the reduction of 
iron ore (Coke Gas, 1960, 22, June, 240-242) 
A short review, stemming from opinions ex- 
pressed ‘at the Chicago Conference of the 
Electrochemical Society of the USA, which, 
after comparing various alternative processes, 
comes down in favour of the modern blast- 
furnace as against all others for use in British 
conditions,—s.H.-s. 


PROPERTIES, TREATMENT AND 
USE OF SLAGS 


Mineralogical composition of the calcined 
magnesite dolomite scale and magnesite dolo- 
mite open hearth slag I. P. Bas'yas and A. M. 
Lepesa (Ogneupory, 1960, (10), 478-483) The 
experiments related to the mineralogical 
changes occurring on heating magnesite and 
dolomite mixtures with the slag, scale, and 
ilmenite, and were carried out with specunens 
of different compositions calcined at different 
temp. Ternary composition diagrams are given 
for the different compositions, which are con- 
sidered in detail. 

Relation between composition and structure 
of the phosphates in the CaO P,0, SiO, system 
and their assimilability by plants 8. I. Vol’f- 
kovich, V. V. Illarionov, R. P. Ozerov, and 
R. E. Remen (Zhurn. Prikl. Khim., 1960, 33, 
(3), 524-533) The existence of five phases has 
been established: the «-tricalcium phosphate, 


tetracalcium phosphate, and calcium ortho 
silicate phases and also a silico-carnotite and a 
nagelschmidt phase. From experiments on the 
solubility between 20 and 100° of these phos 
phates in water it may be concluded that 
preparations stable in water must have the 
maximum etiicacy as fertilizers in neutral and 
alkaline soils. An approximate analysis of 
some such preparations is in full agreement 
with the above conclusion. 

Electrochemical characteristics of FeO 
Mn0-Si0, melts D. A. Dukelow and G. Derge 
(Trans. Met. Soc. AIME, 1960, 218, Feb., 
136-140) Conductivity and current efficiency 
studies were made. 


DIRECT PROCESSES 


italy investigates direct reduction of iron ore 
A. Scortecci (J. Met., 1960, 12, Aug., 634-635) 
Early development work on the use of CH, for 
the direct reduction of iron ore in Italy was 
abandoned when it was found that reserves of 
the gas were less than was thought. The Fin- 
sider process was then developed, based on the 
use of gas from any kind of coal, gasified with 
O,. A flow sheet of the process is given. 

Direct iron processes and their prospects in 
Eastern Can R. B. Elver (Can. Mines, 
Mineral Inf. Bull., MR 41, 1960, March, pp.63) 
A report in two parts: (A) the location and 
magnitude of markets for direct iron products 
(other than those of the standard blast-furn- 
ace); (B) several of the direct iron processes are 
reviewed and classified and the cost of their 
production and marketing is discussed. 

Recent research and developments in the 
direct reduction of iron ore J. Astier (Centre 
Doc. Sid. Circ., 1960, (9), 1933-1944; discus- 
sion 1943) Current practice in the direct reduc- 
tion of both rich and lean ores is described and 
the details of plant and energy requirements of 
the most important installations are compared 
(23 refs).—a.D.H. 

Metallurgical characteristics of the Kaido 
process B. Kalling, F. Johansson, and E. 
Bengtsson (J. Met., 1960, 12, July, 558-565) 
The metallurgy of the Kaldo process as nor- 
mally applied to hot metal operations at Dom- 
narvet is dealt with with notes on the treat- 
ment of other types of hot metal. 

SOLLAC operates Kaldo steelmaking plant 
(Iron Steel Eng., 1960, 37, Oct., 176) A brief 
report on practice at Société Lorraine de 
Laminage Continu in the first four months of 
steelmaking by the Kaldo process. 


PRODUCTION OF STEEL 
Steelmaking past, present and future |. 


Fairley (Tube Investments Research Labora- 
tories, Technical Memorandum No.111, 1959, 
March 6, pp.38) The text of a lecture. Con- 
ventional and the newer converter and direct 
yrocesses were reviewed. 

A note on the pilot plant at the Research and 
Development Department at Swinden Labora- 
tories |Rotherham) (fail. Steel Topics, 1959, 5, 
Autumn, 48-50) The three combustion rigs, 
primarily engaged on fuel and furnace research, 
consisting of a flame tunnel, and scale models 
of an OH furnace, and a pusher type reheating 
furnace, in use at the United Steel Companies’ 
Rotherham Laboratories, which make possible 
the testing of one-fifth seale furnaces at full 
operating temp., at a fraction of the cost but 
with far closer control of such variables as fuel 
rate, air supply, and thermal loading, are 
briefly described.—-s.H.-s. 

Modern steelmaking processes boost quality 
and output G. J. McManus (Jron Age, 1960, 
186, Sept. 15, 153-158) A critical comparison 
of US commercial operational backwardness, 
with only one US continuous casting plant in 
operation as against 13 foreign working and 7 
more under construction. As a set-off, vast 
US programmes of ore beneficiation, a rapid 
swing to OH oxygen, and new methods of 
blast-furnace operation are discussed. A plea 
for general improved efficiency in the US with 
a favourable mention of Appleby-Frodingham, 
concludes.—-S.H.-8. 

Continuous casting H. B. Osborne jun. (Tron 
Steel Eng., 1960, 37, Aug., 131-133) Basic 
features, advantages, and five recent installa- 
tions are described. 
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PRODUCTION OF FERRO-ALLOYS 


Labour productivity in ferro-alloy manufac- 
ture F. F. Borodin (Stal’, 1960, (12), 1103— 
1106) The various operations are individually 
reviewed and labour requirements discussed, 
Plans for automation, for improvement of 
equipment and the need for better organiza- 
tion and management are considered. 

Electric ferro-manganese piant at Joda S. N. 
Sirea (Tisco, 1960, 7, No.3, July, 273-284) 
After a brief review of the general Fe-Mn situ- 
ation in India and prospective requirements 
the two electric smelting furnaces supplied by 
Elektokemisk A/S of Oslo to the Joda plant 
are described with relevant data.— 8.H.-s. 

Production of silico-manganese V.P. l)yutin 
(Proizvodstvo Ferrosplavov, 1957, Chap. 3, 
Sect. 5, 124-128; HB-4777; from US Tech. 
Trans., 1960, June 8, 741). 

Production of silico-manganese and ferro- 
manganese from the carbonate ores of the 


Polunochnyi 7 V. P. Nakhabin, A. 8. 
Mikulinskii, G. B. Shirer, R. A. Nevskii, V. F. 
Sholokhov, V. V. Efremkin, V. I. Zhuchkov, 
and O. V. Kurnushko (Stal’, 1960, (12), 1099— 
1103) A process has been worked out for the 
production of Si-Mn with not more than 
0-45°,P and of Fe-Mn with not more than 
0-6°%.P from sintered concentrates of this ore. 
The Si-Mn is more profitable than the Fe-Mn 
production. 

investigating the technique of smeiting 
Khrooo ‘ochrome to improve the carbon 
level V. Kravchenko and V. Nikolaev (Stal’, 
1960, (12), 1107) Notes from Zaporozhe. 
Measures are listed enabling the carbon con- 
tent to be kept at or below 0-06%. Reducing 
ferrochrome occurring as bears, waste 
metal and regulus Losses may amount to 10%. 
Factors adding to them are noted. § ng 
carbon-free ferro-chrome ” charging the 
burden in one lot and ng the mum 
schedule for electric heating (1106) Increase of 
production by 5% of Cr recovery by 4-5°% and 
decrease of power consumption from 2592 to 
2317 kwh/t are claimed. Determining the 
optimum particle size of sinter for smeiti 
ferro-silicon (1107) No improvement was founc 
from the use of sinter except with the 50- 
150 mm size fraction. 

The one and the state of dispersion of 
silicon ning ores and their effect on the 
kinetics of formation of 75°., quality ferro- 
silicon V. N. Krylov and M. 8S. Khrushchev 
(Zhurn. Prikl. Khim., 1960, 33, (4), 815-824) 
With the transition from one kinetic domain 
(1 700°) to another (1800°) the rate of Fe-Si 
formation changes, 80 that it can be expressed 
by two different relations. The effect of the 
dispersivity and structure of the quartzites on 
the kinetics of formation is small. It has been 
shown in the course of this investigation that 
the curve of silicon content in the alloy against 
time as given in the specialized literature is 
incorrect. The formation of Fe-Si takes place 
principally via the formation of the inter- 
mediate phase of SiC. 

The aluminothermal smelting outside a furn- 
ace of ferroboron from colemanite (|. V. 
Samsonov (Voprosy poroshkovoi metallurgii 4 
prochnosti materialov, 1960, 8, Ukrainian 
Academy of Sciences, 8-23) It was established 
that the optimum thermal value of a charge 
with an accelerating agent is 1375 cal/kg and 
that this value can be obtained without such 
an agent in certam cases, Optimum charge 
composition was established, ways of increas 
ing the yield studied, and the effect of iron 
scale and initial Al content on the Al content 
of the alloys determined. a.1.P. 

Establishing a process for smelting silico 
chrome in one stage Kh. N. Kadarmetoy 
(Stal’, 1960, (12), 1106) A note from Chelya- 
binsk (jointly with the Ferroalloy Works). 
Electric furnace practice is under review 

Investigation of the possibility of producing 
carbon-tree silico chrome V. Kravchenko and 
V. Nikolaev (Stal’, 1960,(12), 1107) Ten processes 
were tried but no single process would reduce 
carbon below 0-02%,. Increased holding time 
in the ladle combined with pouring through 
the bottom spout or transferring to another 
ladle for further holding and sieving out the 
fines after crushing will give a Si-Cr producing 
Fe—-Cr with 0-06%,C. 
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The optimum siag composition for smelting 


manganese of 
SIMN 17 V. Kravchenko and V. Nikolaos 
(Sta?’, 1960, (12), 1106-1107) A note from 
Zaporozhe. Addition of 30 kg per charge raised 
basicity from 0-2 to 0-4 and increased Mn 
extraction from 74:9 to 84:7% with 6%, in- 
creased yield and a reduction of electric power 
consumption. 

ing the a of smelting con- 
version silico manganese by the direct process 
V. Kravchenko and V. Nikolaev (Stal’, 1960, 
(12), 1107) A note from Zaporozhe. Reducing 
the amount of CaF, used from 90 to 30 kg/t 
reduces cost by 50 roubles/t. 

Production of silicon magnesium alloy com- 
pound at a ferroalloy works N. 1. Zolotukhin 
(Lit. Proizv., 1960, (8), 46) The starting 
material is a 15 80% Fe—Si from a first smelt- 
ing in a three- phase 9000 kVa electric furnace 
and Mg ingots first cleaned from their paraffin 
coating. The operation is explained and 
results in a product containing 8 to 30°Mg as 
required. 


FOUNDRY PRACTICE 


Fou technology K. Zimmermann 
(VDIZ, 1960, 102, Aug. 21, 1153-1155) 
Advances in various aspects of foundry tech- 
nology during 1959 are reviewed with reference 
to the literature (38 refs). 

Open days at British Stee! Castings Research 
Association (Jron Coal Trades Rev., 1960, 181, 
July 8, 58-87) A brief summary of additions at 
the Association’s Sheffield a with a 
list of current researches.—s. H. 

a 7 foundry ... Maquinas de Coser 
Alfa, 8.A. at Eibar (Found. Trades J., 1960, 
108, June 23, 787-790) Foundry Equipment 
Ltd, cooperated with the Spanish firm to build 
8 fully mechanized foundry in 1953 to produce 
parts for sewing machines. This paper des- 
cribes experience and development up to date. 
Twenty hydraulic moulding machines are 
served by an automatic plant for recovery and 
regeneration of 100 t/h of moulding sand. 
Detailed specifications of all materials are 
given. A shell moulding section is served by a 
25 ewt electric induction melting furnace and 
produces parts for the Lambretta motor 
scooter.—J.W.J. 

Some examples of Harper foundry fax ag 
A. W. Astrop (Machinery, 1960, 97, ly 1 
93-96) Expensive die sinking operations are 
eliminated by cast-to-form tools im Meehanite 
requiring only file finish for product@in steel, 
plastics, light alloy, and rubber. A press tool 
for a car bumper 4 ft long is cast to an accuracy 
of 0-060 in. The Hommel electric thermometer 
for checking the temp. of metal parts, such as 
slip gauges, is described. 

me aspects of small foundry practice F. P. 
Robinson (Brit. Found., 1960, §3, Aug., 379 
386) Control of production in a small foundry 
producing high duty iron castings weighing up 
to 9 cwt and the uses of synthetic facing sand 
containing <2-8°,H,0O are described. 

Some highlights in the experience of a 
foundryman —. Longden (Brit. Found., 1960, 
53, Aug., 345-362) The manufacture of 
eylinder blocks for Rolls Royce cars, and of 
various iron and steel castings is described. 
Machining allowances, solidification contrac- 
tion, and core contraction are considered in 
relation to design.— A.pD.H. 

Specialization of blast furnace foundry iron 
production and ways of improving the output of 
good castings L.. [. Goldenberg (Lit. Proizv., 
1960, (8), 1-2) Best yields are obtained at 
Chelyabinsk. This is due to the quality of the 
ores used, consisting of brown iron ores and 
siderites which are difficult to reduce. The 
siderites disturb the reduction process of the 
ores in lump to complete decomposition of the 
carbonates but form a porous material which 
can subsequently be easily reduced. Foundry 
irons from different metallurgical plants are 
compared and show on the whole too high a 
earbon content. Suggestions are made with a 
view to standardizing quality, for adjusting 
the burdens in the different production units 
by suitable additions. 

8ome al details of a large electric 

ng W. 8S. Walker and T. H. Harris 
(JISI, 1961, 198, May, 5—12) [This issue]. 


The costes of oxygen injection in found 
maki 


ng s (JISI, 1961, 198, 
May, ae (Thiet issue 

Some ments on hot ot tearing in white 
cast ay Rickard (BCIRA J., 1960, 8, 
Sept., 667-674) White cast irons are more 
liable to suffer from hot tearing than grey 
irons. From results obtained in the course of a 
programme of research by BCIRA it is report- 
ed that in restrained bar test castings the 
incidence of hot tearing increases with length 
of bar and pouring temp., and is more likely to 
occur when dry sand moulds are used. In tests 
made, the tendency to hot tearing reached a 
maximum at a carbon equivalent value of 
about 2-9% and decreased again above this 
value.—-s.H.-8. 

Combined action of contraction and atmos- 
pheric pressure on the formation of foundry 
defects F. Boussard (Fond. Belge, 1960, 30, 
Nov., 285-292) To illustrate the theory of 
combined action of contraction and atmos- 
pheric pressure test pieces were tested in very 
different conditions. Castings of corner plates 
and of small plates with a sand wedge in the 
middle were made. Three different defects, in 
reality three different aspects of the same 
defect, were observed, due to contraction in 
the metal before solidification; sinkings, 
shrinkage, and spongy porosities. Spy are 
given and aan poh gg oy 8.H. 

Some casting defects their causes and cures. 
Her 1H. Vitae (Castings, 1960, 6, May, 

7) A review, based on a paper by J. L, 
Pransis and 8. J. Rogers, presented to the 
Institute of British Foundrymen in the UK, 
covers degrees of defect, influencing factors 
and their control, cavities and porosity in 
castings, sub-surface holes and _ porosity, 
metal/mould reaction, dissolved gas, steam 
reaction, and degassing aluminium alloys. 

Shrinkage defects in iron castings J. H. 
Gittus (Jron Steel, 1960, 33, Oct., 494-498) The 
effects of nine variables on the severity and 
type of shrinkage defects in iron castings are 
examined during simulated commercial pro- 
duction. They re: max. temp. of furnace; 
time interval between charging and tapping; 
average pouring temp.; content of casting in C, 
Si, Mn, 8, and P; and the shatter index of the 
sand. 

Automatic knocking out of moulds of two 
sizes N. G. Gorbunov (Lit. Proizv., 1960, (8), 
21) The Ukraine Gipromez Institute has con- 
structed this automatic machine for knocking 
out cores of two sizes; it differs from existing 
units in that all its component units and its 
assembly are similar to those in machines for 
knocking out cores of one size only. It is in use 
in the Motor Tractor works and operates satis- 
factorily. A diagram of the machine and its 
method of operation are given. 


VACUUM METALLURGY 


Giant furnace to meet demands for vacuum 
meited steels (Jron Age, 1960, 186, Sept. 1, 
62-63) A _ giant-size consumable-electrode 
vacuum melting furnace capable of turning out 
steel ingots of 5 ft dia. with a projected annual 
capacity of 8000 t for the Midvale-Heppen- 
stall Co. handling high-temp. alloys including: 
A.286, INCO 901, PWA_ 1002, Discaloy, 
Ladish D6AC, and Jessop H— 53, with details of 
capacity and operational advantages claimed, 
is briefly described.—-s. H.-s. 

Effects of alloying elements on the behaviour 
of oxygen and nitrogen in vacuum melting 
P. Ya. Ageev and B. G. Chernov (Stal’, 1960, 
(12), 1093-1096) Elements with high affinities 
for O and N lengthen the time required for 
vacuum treatment. Armco iron was used as a 
blank and an equilibrium at fixed temp. and 
reduced gas content with fall of pressure was 
established. Ti, Al, Cr, W, Mo, and Co were 
studied. With not more than 5-6%, of alloy 
lengthening of the time of treatment was 
sufficient to reduce O, and N, contents. 

Vacuum melting. 1 Y. Y amaki (Denki-Seiko, 
1959, 30, (4), 336-346) Two vacuum furnaces 
for melting are described, the removal of gases 
and loss of metals during vacuum fusion are 
discussed, and data are given for the effects on 
the gas contents of many alloys, for solubilities 
of N, and H,, CO equilibria, vapour pressures 
of metals, dissociation pressures of metal 
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nitrides, and N, and O, contents of alloys 
How vacuum fusion markedly diminishes 
scattered non-metallic centres is shown 
Extensive data are presented on the chemica 
analyses of 17 ferrous and non-ferrous alloys, 
and on the results of examination of their 
mechanical properties by a wide range of 
standard methods of testing (tensile, impact 
and fatigue tests). 

Vacuum casting of steel and its advantages 
(Teen. Indust., 1960, 38, Oct., 1745-1748) It is 
pointed cut that the greater cost of the plant 
is largely compensated by the better metal 
lurgical properties of the steel. The advantages 
of vacuum casting and the effects of degasifica 
tion upon properties are discussed.—P.s. 

Vacuum degassing and vacuum casting of 
steels S. L. Gertsman (Canad. Dept. Mines, 
Techn. Surv., Phys. Met. Div., Res. of Special 
Proj. Rept., 1960, Jan. 15, 14-15) Steels from 
double slag basic practice in a 500 lb direct-arc 
furnace were degassed by the stream droplet 
method at 4-10 mm. _ O,, and N, were re- 
duced (N, was not removed from Cr—Mo-\ 
steel). 

Ball bearing steel made with a vacuum in- 
duction furnace M. Ueno and H. Nakajima 
(Trans. Nat. Res. Inst. Met., 1960, 2, (1), 13 
17) A report on researches made on the 
austenitizing behaviour and ductility of ball 
bearing steel, made with a vacuum induction 
furnace, by means of the Rockwell hardness 
test, lineal analysis, X-ray integrated intensity 
method, electrolytic isolation method, and 
rapid life-testing machine.—s.H.-s. 

Cast nickel-iron aluminium alloy P. P. 
Turillon and G. J. De Vito (Met. Prog., 1960, 
TT, June, 125) A description of the preparation 
and a photomicrograph of a vacuum-cast Ni- 
base alloy. 

_ ane treatment of molten iron and steel 

Maekama (Jmono, 1960, 32, wy 515-528) 
A detailed review (54 refs).—-s.H. 

A summary of comparative reperties of air- 
melted and vacuum-meited steels and super- 
alloys D. ©. Ludwigson and F. R. Morral 
(DMIC, Sept., 128; PB 151085, 1960, March, 
pp.147; from US Res. Rep., 1960, 34, Sept. 16, 
325) A compilation of data comparing the 
mechanical properties of vacuum-poured, 
vacuum-induction-melted, and consumable- 
electrode vacuum-arc-remelted counterparts is 
presented. Specific alloy classes considered are 
(1) low-alloy steels, (2) hot-work die steels, 
(3) stainless steels, (4) iron-base superalloys, 
(5) nickel-base superalloys, and (6) cobalt-base 
superalloys. In most cases the vacuum-treated- 
materials exhibited better mechanical proper- 
ties.— Cc. F.C. 

Interaction between heat-resistant alloys and 
refractory oxides at high temperature in a 


vacuum V. M. Amonenko, K. G. Roman- 
chenko, and A. 8. Tron’ (Stal’, 1960, (11), 
1002-1004) Ni-base EI 617 alloy was heated in 


refractory crucible with Zr, Be, Mg, and Al 
with or without Ti, oxides. Reactions occur 
ring and the inclusions produced were studied 


REHEATING FURNACES AND 
SOAKING PITS 


High head alloy slab heating for pianetary 
mill rolling 0. J. Zanatta (Jron Steel Eng., 
1960, 37, Oct., 121-135) The design and opera- 
tion are described of a slab reheating furnace 
at Atlas Steels Ltd, Ontario, in which the 
slabs are heated by a high head, high velocity 
stream of tangentially directed streams of hot 
gas. The slabs are heated at a rate of 25—- 
30 t/h, are scale free and are fed to a planetary 
mill whe h produces 0-100-in strip from a slab 
of 2 & in max. thickness in one pass. 

Reheating special steel ingots and billets 
(Mét. Constr. Mécan., 1960, 92, Nov., 973-979) 
The advantages derived from the use of elec- 
tric furnaces in the reheating of ingots and 
billets of special steels are described and dis- 
cussed, with examples of equipment operated 
by the Société Stein and Roubaix and methods 
of manufacture of products.-s.H.-8. 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Principles of furnace design (/ng. ¢ Indust., 
1960, 37, Sept., 114-121) The important fac- 
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tors in the design of industrial furnaces are 
discussed.—P.s. 

Principles of the heat-treatment of steel (/ng. 
e Indust., 1960, 37, Sept., 131-134) The prin- 
ciples of the heat-treatment of steel are dis- 
cussed briefly by reference to the Fe—C dia- 
gram, isothermal and continuous-cooling trans- 
formation diagrams, and hardenability mea- 
surement.—P.s. ‘ 

your heat treating specifications; 
L. J. Haga (Met. Prog., 1960, 77, June, 117- 
119) The necessity for precisely worded 
specifications is emphasized. 

Two-stage isothermal treatment of an En26 
steel G. T. Higgins and H. J. Axon (JJS/, 1961, 
198, May, 46-49) [This issue}. 

Spark-hardening of cutting tools, austenite 
formation and edge erosion N. ©. Welsh and 
P. E. Watts (JJSI, 1961, 198, May, 30-37) 
[This issue}. 


ROLLING MILL PRACTICE 


Stretch reducing mill simplifies maintenance 
(Blast Furn. Steel Plant, 1960, 48, Oct., 1054 
1059) A description of a mill recently exhibited 
by the Aetna-Standard Div. of Blaw-Knox Co. 
at its Ellwood City plant. The housing unit is 
designed to facilitate maintenance and opera- 
tion. 

The reduction sequence and the shape of rolls 
for the rolling of sheet on continuous mills 
M. A. Benyakovskii and V. P. Volegov 
(Metallurg, 1960, (10), 22-23) The use of rolling 
conditions and of a roll shape calculated so as 
to preserve equal distortion of the strip across 
its width has reduced by half the amount of 
plate unsuitable for tinning. 

The automatic operation of the 280 mill four- 
strand channels V. M. Belyavskii and Z. B. 
Podberezskii (Stal’, 1960, (11), 1023-1024) The 
photoelectric control system is described with 
estimates of savings obtained. 

Automatic adjustment of strip thickness on a 
semi-continuous hot-rolling strip mili F. 1. 
Ivanov (Stal’, 1960, (11), 1008-1012) Heating 
the tail end of the slab by 40-60° and other 
changes increased output 49°. This was 
increased further by automatic control of 
tension. Tightening of the screw down on the 
trailing ends had an adverse effect on output as 
readjustment was slow. 

Wide strip mills M. F. Dowding, C. Sturdy, 
and A. A. Thomas (Davy-United Eng., 1960, 
1, April, pp. 16+ vii) Choice of mill installation, 
quality of product, types of the various parts 
of the installation, and more general matters 
including automation are briefly reviewed 
with an appendix listing all the wide strip 
milis in the world, and plans of various mills. 

Kaisers’ new hot strip mill L. L. Freret 
(Iron Steel Eng., 1960, 37, July, 102-106) A 
description is given of the planning and com- 
pletion of dismantling and moving of the 
finishing end of an existing hot strip mill to a 
new site, where it became the finishing end of a 
modern fully continuous mill. The work was 
completed in 33 days. 

The mill of the future the 80-inch hot strip 
mill S. T. Kraft (AISI preprint, 1960, pp.9) An 
account of plans drawn up by the Great Lakes 
Steel Corp. including furnace design and con- 
trol systems as at present envisaged. A tabular 
comparison with the 96-in mill is given. 

New Russian rolling mills ©. ‘Tedder (/ron 
Steel, 1960, 33, June, 328-330) In 1965 USSR 
rolled steel production will be 65-70 million t. 
This article describes a number of new mills, 
some revealing interesting design trends. The 
author deals particularly with wide strip mills, 
welded tube mills, section mills, and mills for 
rolling very thin special steel strip. 

Some unusual defects on cold reduced flat 
products J. Le Bas (BHP Tech. Bull., 1960, 4, 
March, 16-25) The second part of an article. A 
very detailed description of types of defects in 
black sheet for tinning, sources of defects, and 
their prevention. 

Automation of the machinery controls for 
automatic tube rolling mills F. 8. Martsinchk 
(Stal’, 1960, (11), 1014-1021) The operations of 
a tube mill presenting difficulties in automa- 
tion are enumerated and discussed. The con- 
tinuous furnaces work at too high a temp. for 
the billet turning and discharging devices 
tried. The substitution of revolving hearth 


furnaces is advocated. Roller piercing mach- 
ines can be automated by means outlined but 
dise mills are more complicated, however an 
arrangement for these is described, though it 
has not yet been tested. In piercing, no satis- 
factory method of tool changing has been 
devised. Operations successfully automated are 
described. In an editorial note the replacement 
by rotary hearth furnaces is rebutted, as auto- 
matic discharge from these is not yet attained. 

The impact of pr in technology on the 

rocesses employed in the production of tubes 
1. Nierlich (Stahl Eisen, 1960, 80, Oct. 27, 
1507-1517) A review of the changes which have 
taken place during the last five decades in the 
production of steel tubes is presented. The 
individual processes are described and illus- 
trated.—-1.a. 

Spiral formed tube avoids size limitations 
(Metalw. Prod., 1960, 104, Aug. 10, 62-63) The 
use of a small tube mill and high-frequency 
welder by the New Rochelle Thermatool Corp. 
is claimed to produce 3 in dia. by 0-009 in wall 
thickness tubing at 150 ft/min with maximum 
material thickness ranging from 0-004 to j in 
and virtually no limit to maximum dia. 
Good results from ferrous and non-ferrous 
metals (including Al, Cu, and Zircaloy) are 
reported, with a variety of uses, applications, 
and advantages.—-s.H.-s. 

Modernised power line of the 400 tube rolling 
plant automatic mill V. T. Ermakov (Stal’, 
1960, (11), 1025) A non-synechronous motor 
drive with flywheels of total weight 30 t was 
replaced with a synchronous motor and 
advantages obtained are indicated. 

The use of a non-detachabie piercing head 
for the secondary piercing of shells A. N. 
Borovkov, P. A. Tsereteli, E. A. Svetlitskii 
A. E. Ubiriya, and I. I. Kovbasa (Stal’, 1960, 
(11), 1022-1023) A design allowing the process 
to be automated is shown. 

Protection of the main drive mechanism of 
the 1150 blooming mili according to the root 
mean square current Ya. K. Boguslavskii and 
N. A. Makarov (Stal’, 1960, (11), 1024-1025) 
Conditions of intensive working led to over- 
loads up to 125°,,. Protective circuits installed 
are briefly indicated. 

X-Ray gauge sorts sheet stock Daystrom Inc. 
(Iron Age, 1060, 185, June 16, 134) An auto- 
matic sheet sorter which classifies mixed stock 
according to thickness is described. An X-ray 
gauge transmits signals to a sheet-marker 
which stamps the sheets, and to gates which 
direct them into classifying bins.—D.L.c.P. 

Computers remember faults in coiled tinplate 
(Metalw. Prod., 1960, 104, Aug. 24, 47-48) A 
data accumulation system, with three com 
puters hooked up to the normal gauging sta 
tions, has been designed by the AIL Division 
of Cutler-Hammer Ine. to ensure quality con- 
trol of coiled strip tinplate, and is briefly 
described.— 8.H.-8. 

Calculating the production costs and the 
technical and economic indices for rolied 
material V. Dancan and G. Lascoviex (Met. # 
Constr. Masini, 1960, 12, (5), 422-428) Meth- 
ods for calculating these parameters are given, 
adapted to the conditions of production in 
Rumania. 

Industrial waste contro! mill scale De Y. 
Wallace (/ron Steel Eng., 1960, 37, July, 75-77) 
Seale recovery from scale basins and methods 
of increasing recovery are discussed. These are: 
more frequent cleaning of the basins; efficient 
baffting of the basins; dry scale removal and 
drag removal of large scale under the mills; by- 
passing of cooling water to reduce amount 
through basin; and design of scale collection 
system. 


MACHINERY AND SERVICES FOR 
IRON AND STEELWORKS 


Ways of reducing the weight of travelling 
cranes I. Balanescu (Met. «i Constr. Masini, 
1960, 12, (6), 532-534) Two designs of travelling 
cranes are described built by the ‘Mao Tze- 
dun’ works in Bucharest in which the main 
beams are double and made of lattice bars with 
upper and lower booms. This construction 
makes it possible to use smaller sections and 
considerably to reduce the weight of a normal 
beam. 
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F years of activity of the power and fuel 
os B of an integrated iron and steel 
works H. Weineck (Stahl Eisen, 1960, 80, 
Oct. 27, 1574-1580) An account of the activi- 
ties of the power and fuel department of the 
Hittenwerk Oberhausen AG since its founda- 
tion in 1919 is given.—-7T.«G. 

Benson boiler and back-pressure turbo- 
alternator instalied at Margam (Brit. Steel, 
1960, 26, Aug., 289 294; Engineering, 1960, 
190, July 1, 20-21) The design, construction, 
and performance are described of the Benson 
once-through boiler now in operation at the 
Margam ‘B’ power station of Steel Company of 
Wales. It is capable of generating 240000 lb 
of steam at a pressure of 3300 psi and 1 060°F 
with reheat to 836°F. 

Waste heat utilization and combination of 
as turbines with steam power stations in the 
ron and steel industry H. Pfenninger (Stahl 
Eisen, 1960, 80, Oct. 27, 1540-1549) As the 
efficiency of the gas turbine cannot be im- 
proved materially in the present state of tech- 
nology and as the water-cooled gas turbine 
will not be available for some time, the best 
way of utilizing the waste gases of the present- 
day gas turbine is to use them for heating hot 
blast stoves or for raising steam in waste gas 
boilers. The potentialities of these two meth- 
ods are discussed.—t.o. 

recirculating water supply systems 
and purification of waste waters in iron and 
steel works A. F. Shabalin (Stal’, 1960, (11), 
1046-1050) Many Russian plants are in dry 
areas and water conservation is very important 
and was the subject of a conference in July 
1959. Alterations and improvements are sur- 
veyed at various works and the conclusions of 
the conference are given. 

Decanter sludge recovery process at ‘ows 
Point H. PD. Scharf (Blast Furn. Steel Plant, 
1960, 48, May, 439-442) Tar sludge particles 
were reduced in size in a ball mill, and used as 
OH fuel; a slightly increased free C content of 
the fuel was thereby obtained, in addition to 
the economic benefit. 

Industrial waste treatments steei piants 
M. Morgan (/ron Steel Eng., 1960, 37, July, 
67-74) Methods of disposing of sanitary sew- 
age, waste pickle liquor, mill seale, and blast 
furnace gas washer efftuent at the Ohio Works 
and MeDonald mills of United States Steel 
Corp. are described. 

New possibilities for reducing voltage fluctua- 
tions in the grids of iron and steel works K. P. 
Haamann (Stahl Eisen, 1960, 80. Nov. 24, 
1776-1779) Using the dynamic behaviour of 
the reactive power of individual consumers a 
method for voltage regulation has been 
developed that reduced voltage fluctuations in 
iron- and steelworks grids from 14 to 0-9%. 
The electrical means of achieving this are 
described. T.G, 


WELDING AND FLAME-CUTTING 


Applications of cutting and welding processes 
E. C. Alexander and J. D. Nieol (KY 315, 
1959, Oct., pp.13; from Nuel. Sci. Abs., 1959, 
13, Dec. 31, 2997) Copper clad steel sheets 
were economically cut to size by using a 
tungsten inert gas cutting process. This elimin- 
ates the need to chip the copper away from the 
cutting line before cutting. The welding time 
required for making a root pass in steel pipe 
was reduced by up to 50°, when a semi- 
automatic short are process using a metallic 
inert gas torch was used. 

Butt-weiding booms as fixed plants go up 
near steel milis (Railway Age, 1960, 148, 
June 6, 22-23, 25; from Monthly Rev. Tech. Lit., 
1960, 10, Oct. 2) Six fixed plants adjacent to 
steel mills are to supply long welded rails on a 
contract basis to American railways. This 
article investigates the economics of this sys- 
tem of supplying long welded rails in relation 
to the requirements of the railway.—c. F.c, 

Arc welding of high strength steels for air- 
craft and missile structures J. IT. Niemann, 
R. P. Sopher, and P. J. Rieppel (DMIC- 
Memo-27, 1959, July, pp.44; from Nuel. Sei. 
Abs., 1959, 13, Nov. 30, 2704) Data on are- 
welding hot-work die steels, precipitation- 
hardening stainless steels and martensitic 
stainless steel are presented. It is mentioned 
that the search for information is continuing. 
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as h-st h steels for aircraft 
and missi ions H. W. Mishler, R. E. 
Monroe, and P. J. Rieppel (DMIC Rept. 118; 
A D-228629; PB 151074, 1959, Oct., pp.93; 
from US Govt. Res. Rep., 1960, 34, Aug. 19, 
200) This report summarizes the materials and 
procedures currently used in the aircraft and 
missile industry to are and resistance weld 
high-strength steels. The steels discussed are 
(1) low-alloy martensitic steels, (2) hot-work 
die steels, (3) martensitic stainless steels, and 
(4) PH stainless steels. For each class of steel, 
welding techniques and procedures are dis- 
cussed, arc-welding filler materials are des- 
eribed, and mechanical properties of arc and 
resistance welds ate listed. A discussion is 
included of design, testing, and inspection 
techniques as applied to weldments made from 
these high-strength steels.—c.F.c. 

Metai-arc aes of stainless steels. Part 3 
M. C, T. Bystram (Welder, 1960, 29, Jan—Mar., 
2-12) Practical considerations of welding 
stainless steel fabrications to work at ambient 
pressures and temp. are discussed. Methods of 
mechanical finishing, chemical treatment of 
surfaces, welding of clad materials, and heat 
treatment receive attention. 

The welding of thin sheet by the submerged- 
are process Stenke (Schweisstechnik, 1960, 14, 
(10), 109-111) Up to now the lower limit of 
thickness for the application of the submerged- 
arc welding process to sheet steel was 6 mm, 
but recent developments make possible the 
welding of sheet only 1-5 mm thick on a pro- 
duction scale, and 0-88 mm on an experimental 
basis. The advantage of the submerged-arc 
process is that it can tolerate wide differences 
in quality and in surface preparation of the 
steel. A number of cnenglen are included in 
the description.—T.«@. 

Some examples for the application of the 
submerged-arc mg process A. Gschaider 
(Schweisstechnik, 1960, 14, (10), 113-115) A 
number of examples for the application of the 
submerged-arc process for deposit-welding are 
considered, for instance the reclaiming of crane 
wheels, tyres, briquetting rolls, and rolling mill 
rolis. A pair of rolls was reclaimed and the 
quantity of deposit was 1400 kg on each. 
Strength values of the deposits and heat- 
treatment for rolling mill rolls are discussed. 

Basic principles of the electrosiag process 

Almqvist (Rev. Soud., 1960, 16, (3), 195 
205) The method is outlined, a description is 
given of the ES-—3 electroslag equipment, and 
the properties of the welded products are 
reviewed. 

The practical utilization of electrosiag weid- 
ing and economic aspects of the method B. 
Kje berg (Rev. Soud., 1960, 16, (3), 206-218) 
Operation and economics of the process 
including the electroslag welding of stainless 
steel, are reviewed, with particular reference 
to practice in USSR. 

the joining of steel or cast iron with alu- 
minium and its alloys using the ‘Al-Fin’ process 
C. Niewiadomski and A. Zdanowski (Prace 
Inst. Mech., 1958, eo (22), 3-11) After the 
principles of the method are considered the 
authors discuss the technological possibilities. 
Research on this topic has revealed the answer 
to such questions as the quality of preparation 
of the surfaces to b« joined, the method of pre- 
venting oxidation while the parts are sub- 
merged in the liquid bath, and the effect of the 
process on the mechanical properties of the 
metals joined. It was found that the process 
was very satisfactory but does not apply to all 
qualities of steel and cast iron. 

Projection welding of low carbon mild steel 
G. A. Phipps (Sheet Met. Ind., 1960, 37, June, 
457-462) Revision of Brit. Weld. Res. Assn. 
Code of Practice (T.60) is recommended. 
Machines are described and the advantages of 
the process, including better finish, materials, 
and conditions of operation are discussed. 

The use of ultrasound in seam and spot 
welding N. A. Ol’shanskii, A. V. Mordvintseva, 
and M. N. Krumbol’dt (*Avtom. Svarka, 1958, 
(10), 75-80) The advantages of introducing 
ultrasonic vibrations into the weld pool are 
enumerated and experimental work carried 
out at the Bauman Technical College, Moscow, 
into the welding of a number of metals, 
including stainless steel, and plastics, is 
described, 


Machine eoeging outs welding costs (Com- 
monw. Eng., 1960, Aug. 5, 40-41) This note 
describes automatic techniques which provide 
economic and efficient plate edge profiling as a 
preparation for submerged arc welding of 
heavy steel plate. 

Welding behaviour of metals (*Soud. Techn. 
Connexes, 1958, 10, Jan.—_Feb., 7-10) Recom- 
mendations published by Commission LX of 
the International Welding Institute, and 
defining the minimum conditions to be met by 
rolled or forged plain C steels or steels alloyed 
with small amounts of Mn, to make them suit- 
able for electric-arc welding. 

Properties of austenitic chromium manganese 
Stainless steel weld metal H. F. Reid jun. and 
W.T. De Long (W ASH-—733 (pp.112—164); from 
Nucl. Sci. Abs., 1960, 14, May 15, 1105) A 
study to compare Cr—Mn stainless steel weld 
metal properties with conventional Cr-—Ni 
weld deposits. Certain composition limits 
governing their properties were established, 
and properties of more than 100 specific Cr- 
Mn-—Ni weld deposits evaluate < in the course of 
study are summarized.—s. H.- 

ies of electric resisiance-welded steel 
pe of weidabie structural high-tensile steel of 
Kg/mmr tensile strength S. Hasebe (Sumi. 
Met., 1959, 11, Oct., 245-251) Low-C, low-Mn 
steel has good "weldability. Pipes have a much 
higher strength as welded, the yield strength 
being <40 kg/mm? after annealing of the 
welded part. The max. hardness of the welded 
area is 350 Vickers. Addition of 0-03-0-05% 
acid soluble Al produced good notch duc stility 
in the low-Mn steel, which is better for welded 
structural pipes than plain-C steel.—K.E.J. 

Continuous cooling transformation diagrams 
for the welding of Mn-8i type 2H steel H. Seki- 
guchi and M. Inagaki (Tetsu to Hagane, 1960, 
46, June, 657-665) The diagrams are presented 
and show that tensile strength of 60 kg/mm? 
can be obtained by choice of water-quenching 
and tempering conditions. Diagrams are given, 
showing the relation between critical cooling 
time, 50°, martensite cooling time, and C 
equivalent for mild and Mn-Si steels, from 
which these parameters can be predicted for 
arbitrary grade steels. Optimum cooling times 
and C contents are assessed for various steels 
of tensile strength 60 kg/mm? (32 refs). 

The role of ductility as related to service per- 
formance of heavy wall austenitic pipe welds 
H. M. Soldan and C. R. Mayne (WASH-—733 
(pp.70-111); from Nucl. Sci. Abs., 1960, 14, 
May 15, 1105) Results are correlated of the 
newly developed Reukelaev Polytechnic 
Institute hot ductility tests with the fabrica- 
tion and service performance of austenitic 
steel piping in high-temp. central station ser- 
vice, showing that welds in highly restrained 
thick wall piping have been successfully made 
with the new Croly 16—8-2 electrodes, which is 
attributed to the relief of residual weiding 
stresses, by oy higher ductility of this weld 
metal.—s.#. 

The kinetics of oxidation reduction vonstions 
in welding A. A. Erokhin (Jzvest. Akad. Nauk 
Otdel. Tekhn. Met. Toplivo, 1960, (1), 36-43) 
Oxidation of the metal in welding is limited by 
the oxygen supply in the pool and the reac- 
tions in many cases obey the laws of diffusion 
kinetics. The rate of oxidation of the element 
up to a certain concentration, depends only on 
the oxygen supply for the reaction. Beyond 
this critical concentration, this rate is propor- 
tional to the concentration of the element. 
When welding with coatings or under flux- 
forming iron slags the progress of the reaction is 
conditioned by the oxygen reserve in the slag 
phase. With gas formation (CO, and air) the 
supp ly of oxygen becomes limited by the rate 
of the convection-diffusion of the oxidizing 
agent from the surrounding medium. 

Interaction between elements and their 
oxides in weld puddle N. N. Dobrokhotoy 
(Autogennoe Delo, 1948, 19, (9), 14-19; HB 
4822; from US Techn. Trans., 1960, 4, Oct. 12, 
416) No abstract. 

Notes on the diffusion nending of metals 
R. M. Evans (PB 161203, 1960, April, pp.10; 
from DMIC Memo 53: US Res. Rep., 1960, 34, 
July 15, 75) No abstract.——-s. a. 

Brazing steel honeycomb by radiant heating 
(Machinery, 1960, 97, Aug. 17, 389-392) The 
Nortobraze process invented by P. W. Warren 
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of Norair Divn. of Northrop Corp., whereby 
honeycomb structures are brazed between 
panels of stainless steel by the use of banks of 
radiant quartz lamps, which are electrically 
controlled and will complete a brazing cycle 
within 2 to 15 min depending upon the com- 
plexity of the panel, compared with 3 to 12 h 
normally required for similar operations in 
conventional type furnaces, is presented. 
Temp. up to 6000°F can be obtained by these 
lamps and leaks are tested with argon. Curved 
and irregular as well as flat panels can be 
re sadily brazed. 8.H. 

Brazing for high-temperature service A. F. 
Haskins and R. M. Evans (DMIC Memo. 48; 
PB 161198, 1960, March, pp.15; from US Res, 
Rep., 1960, 34, July 15, 75) A memorandum 
designed to summarize available technical 
information on the brazing process and the 
filler metals used to join these high-temp. 
materials (62 refs).—s8.H.-s. 

induction brazing K. Flick (Schweissen 
Schneiden, 1960, 12, Oct., 447-452) The 
principles of induction brazing are reviewed. 
Particularly favourable conditions exist for the 
brazing of steel parts when this can be done (by 
appropriate selection of solders) below the 
magnetic transformation point. Plant for in- 
duction brazing, jigs, solders, and fluxes are 
described and some applications considered. 

The microcracking of mild steel welds J. 
Sebille (Rev. Soud., 1960, 16, (3), 222-253) The 
influence of H, on microcracking, and of weld- 
ing conditions, sources of H,, relationship 
between inclusions and microcracking, mea- 
sures for reducing H, content and their effect 
on microcracking, and the dangers associated 
with the presence of microcracks are discussed 
(160 refs). 

Jet engine air intake grille assemblies brazed 
by induction heating Induction Heating Corp. 
(Ind. Heat., 1960, 27, Aug., 1610-1611) A 
specially-designed machine provides a long 
continuous braze without warpage of par ts. 
Using two passes, grilles are brazed at a rate of 
one per min. The machine is also used for heat- 
treatment.—kK.E.J. 

Development of partially volatile brazing 
filler alloy for high-temperature application 
and resistance to oxidation W. M. Lehrer and 
H. Schwartzbart (WADC Tech. Rept. 59-404; 
A D-232969; PB 161746, 1959, June, pp.45; 
from US Gov. Res. Rep., 1960, 34, Aug. 19, 
198; also Nucl. Sci. Abs., 1959, 13, Nov. 30, 
2710) Experimental brazing filler alloys have 
been developed containing temp.-depressants 
which have been volatilized during the brazing 
of stainless steel, leaving joints of high remelt 
temp. The mechanisms by which remelt temp. 
is increased have been studied for the range of 
~~ investigated which contained Ni, Cr, 
Ge, Fe, Li, and P. The two main mechanisms 
are (1) dissolution of the base metal in the 
filler metal and diffusion of constituents of the 
filler metal into the base metal and (2) volatil- 
ization of the filler metal constituents. It has 
been shown theoretically and experimentally 
that for remelt temp. to increase there must 
be solid solubility of the diffusing or volatile 
element in the filler alloy.—-c.F.c. 


MACHINING AND MACHINABILITY 


Today’s trends in the removal of metal \\. M. 
Barash (Engineering, 1960, 190, July 1, 27-28) 
A review of spark machining, are machining, 
electrolytic machining, electron beam milling, 
and chemical milling. 

The optimum geometry for lathe cutting 
tools with edges of metallic carbides for machin- 
ing OLC 45, OL 70, and OL 60 steels M. P. 


Popov, I. Mit —_ and r D. Deciu (Met. si 


Constr. Masine, 1960, 12, , 519-524) A table 
is given with optimum values of the angles for 
cutting tools best suited for each of these 
steels 


GE offers machining profit finder W. W. 
Gilbert (Steel, 1960, 147, Aug. 8, 92-93) High 
efficiency machining, which is claimed to have 
reduced costs in some 40 GE departments by 
factors as large as 10:1 is presented, with two 
fundamental a ‘vices used to figure optimum 
rates.-—-S.H.-8, 

Math approach puts machining in high- 
efficiency range (/ron Age, 1960, 186, Aug. 18, 
104-106) A practical method for determining 
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the most efficient cutting speeds for produc- 
tion machines is presented by the Metallurgical 
Products Dept., General Electric Co., Detroit, 
in a five-stage mathematical approach which 
makes calculations of the proper speeds easy. 

Casting variables affecting the machinability 
of grey iron I. A. Loria (Metallurgia, 1960, 62, 
Sept., 103-107) The influence on machinability 
of physical factors such as pouring temp., 
cooling rate, mould conditions, and inoculation 
practice (12 refs). 

Machinability of austenitic manganese steels 
H. 8. Avery and H. J. Chapin (4 D-214726; 
PB 146814, 1958, Sept., pp.185; from US Res. 
Rep., 1960, 34, July 15, 75) Machinability 
equivalent to that of 304 (19Cr:QNi) stainless 
steel together with the strength, economy, and 
non-magnetic properties of 12°,Mn steel were 
sought, and these objectives were considered 
to be met by a 20% Mn steel with 0-60°,C to 
which 1°,Bi was added, with a recovery of 
0-2-0-4°,, Bi.—s. H.-8. 

Machining stainless steel flexible plates for a 
supersonic wind tunnel M. Karr (.Wachinery, 
1960, 97, Aug. 17, 375-378) The elaborate work 
involved in machining US Steel Stainless-W 
plates for a supersonic wind tunnel in Ten- 
nessee is exemplified by the fact that each 
plate was on a 40-ft stroke planer with a milling 
attachment on the cross rail for three months, 
and was subsequently polished to a mirror 
finish. The fabrication of two test cells follow- 
ing the preparatory machining is also des- 
cribed.—s.H.-s. 

The machining of ultra-high-tensile steels 
with CO, as coolant L. L. Arundel and R. 
Kitchingham (Machinery, 1960, 97, Aug. 17, 
360-374) An investigation conducted recently 
by Morfax Ltd, Mitcham, on behalf of the 
Ministry of Supply and Distillers Co. Ltd, into 
the machining of ultra-high-tensile steels in 
the 35-50 t tensile range with various types of 
coolants is described and illustrated, and com- 
parative tests on Jessops H.50 Vacumelt 120-t 
steel with conventional and disc-type cutters 
are appended.—-s. H.-s. 

Why not try controlied cold hobbing? J. 
Haller (Metalw. Prod., 1960, 104, Aug. 10, 
66-68) The advantages of cold hobbing over 
machining of complex cavities are discussed, 
and the use of the Sack and Kiesselbach 
machine with its aptitude for continuous and 
rapid operation is illustrated and described. 

Ultra high speed machining Lockheed Air- 
craft Corp. (Commonw. Eng., 1960, 48, Aug. 5, 
44-45) Cutting speeds as high as 250000 sur- 
face feet per min have been achieved in tests 
aimed at improving machining methods for 
high temp. alloys. Future trends in machine 
tool design are forecast. 

A study of imported carbide tool tips A. 
Jozefik (Prace Inst. Mech., 1958, (22), 50-59) 
Carbide tips from Sweden, Denmark, and 
Czechoslovakia were compared. It was found 
that dimensional accuracy for Danish and 
Swedish tips did not exceed admissible devia- 
tions. Czechoslovak tips exceeded permissible 
deviations. The Swedish material showed the 
highest hardness. It was also found that 
Swedish carbides have practically no porosity, 
and the worst from this point of view were 
Czechoslovak specimens. Cutting life was taken 
as the criterion throughout and the Swedish 
tools were superior to the other two. 

The case for throw-away tips (Metalw. Prod., 
1960, 104, Aug. 24, 52-54) Statistical informa- 
tion on the case for throw-away tips is given, 
based on a series of tests conducted by the 
Sandvik Steelworks Co. Ltd, with details of 
savings in total machining cost compared with 
brazing tools, with earnings derived from lower 
initial cost, elimination of regrinding, quicker 
tool changing, and possible increase in cutting 
speed.—s.H.-s. 

Hot machining cuts producibility barrier 
Cincinnati Milling Machine Co. (Steel, 1960, 
146, June 20, 106-109) Results of research 
into the advantages of hot-machining certain 
grades of steel are reviewed. Work was carried 
out on a low alloy martensitic steel, AISI 4340; 
a hot work die steel, Thermold J; and two 

recipitation-hardening stainless steels 17-7 
PH and Uniloy 17—4 Mo. Heating of the work- 
iece in the vicinity of the cutting tool was 
ound to prolong tool life in turning and mill- 
ing operations by reducing shear strength of 


the metal. Several methods of heating were 
tried; induction heating was found convenient, 
but improved techniques are desirable. Pro- 
gressive improvement is obtained as temp. are 
increased up to about 1000°F. Tool life was 
increased up to 100 times. Effects on metal 
properties are not normally severe.—D.L.c.P. 

To mill tough, superalloys, match settings, 
hardness N. Ziatin and R. T. Krueck (Steel, 
1960, 146, June 27, 89) Cutting speeds are 
recommended for machining various high 
strength and stainless steels.— p.L.c.P. 

Removing that swarf Demag A.-G. ( Vetalw. 
Prod., 1960, 104, Aug. 24, 59-60) Two mechan 
ical systems for removing swarf from the 
machine shop, one @ unit construction system 
which can be built up to serve any number of 
machines, the other an integral part of a large 
boring and trepanning lathe, with sieves and 
magnetic separators, are briefly described and 
ilustrated.—s. H.-s. 

Milling of high strength steels in the hardness 
range 330.560 Brinell ©. T. Olofson (DMIC 
Memo.-30, 1959, Aug., pp.39; from Nucl. Sci. 
Abs., 1959, 13, Nov. 30, 2704) The machining 
problems of low tool life and low production 
rate for these steels are minimized if rigidity of 
machine, tool, and workpiece and adequate 
power to maintain cutting speed exist during 
cutting. The proper selection of feeds, speeds, 
and depthe of cut are equally important. 

Cemented borides have potential for future 
cutting tools R. C. Brewer (Commonw. Eng., 
1960, 48, Aug. 5, 49-50) The natural advan- 
tages of cemented borides are high hardness 
properties, high-melting point, and relatively 
cheap production. Borides can be developed 
for cutting tool purposes but much work 
remains to be done in connexion with the mil- 
ling of the boride particles and the manufactur- 
ing procedure of the tips themselves. 

tron Age directory of tool steels and carbides 
(Iron Age, 1960, 186, Aug. 11, 267-325) The 
28th edition is in five sections and includes a 
new cross-index of tool steels by type, brand 
name, and producer. Also charts with data on 
physical properties, forging, and heat-treating 
temperatures, machinability, toughness, etc., 
compiled by and published with the permission 
of the American ~— and Steel Institute. 

Increasing the service life of machine steel! 
components by shot peening 8S. Cusuta and V. 
Ghiocel (Met. si Constr. Masini, 1960, 12, (5), 
396-401) The results of experiments here des- 
cribed show that the method of shot peening 
must be improved so as to establish the opti- 
mum parameters of the operation and the 
question is now examined as to how far this 
process may be included in current production 
processes. 

The effect of heat treatment, before grinding, 
on the formation of surface martensite ©. 
Bakalikova, and A. Mashin (Fiz. Met. Metal- 
lov., 1960, 10, (1), 101-105) Since the effect 
which heat-treatment before grinding has on 
the formation and on the quantity of surface 
martensite is well known, treatments such as 
rolling, forging, etc., at high temp., when it is 
possible for diffusion elements to be displaced, 
it is to be assumed that grinding would also 
show similar effects. This is probably the 
reason for the banded distribution of surface 
martensite, pointed out by a number of 
investigators. 

Wire ground with variable axiai profile 
(Metalw. Prod., 1960, 104, Aug. 24, 55-56) 
Developed in Russia for the manufacture of 
extractors used in dental surgery, and recently 
described in a Russian publication, a technique 
for grinding an axial profile on wires as thin as 
0-0025 in dia. is described, with details of the 
method of its production.—-s. H.- 8. 

A new method of testing powder abrasives - 
tt H. Stotko (Radex-Rundschau, 1960, (5), 
Oct., 262-291) In this instalment the behaviour 
of the grains of the abrasive under dynamic 
testing is studied, taking into account all 
effects that may contribute to the removal of 
material from the surface to be ground and to 
the diminution of the grain size of the 
abrasive. From these results the optimum con- 
ditions for testing abrasives and of presenting 
the results are deduced. The author reports his 
findings in detail, supported by many graphs 
and tables (13 refs).—t.«6. 
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Electron beam used for melting, machining 
and welding (Prec. Met. Mold., 1960, 18, May, 
8) A new high-energy electron beam machine 
eapable of far higher energy levels and more 
accurate control has been developed by the 
Carl Zeiss Foundation in West Germany. 
Temp. high enough to melt and vaporize any 
known metal can be attained. Holes finer than 
human hair can be drilled. 

Ring-shaped components from tubes not 
forgings (Metalw. Prod., 1960, 104, Aug. 10, 
56-58) The use of a special type of copying 
lathe to handle tube up to 9 in dia. in lengths 
of up to 13 ft, the machine having been devel 
oped by George Fischer Ltd of Switzerland, in 
conjunction with the New Britain Machine 
Tool Co. in America, is illustrated and its 
operation described in some detail with indica 
tions of tube economies as compared with 
solids or forgings. The cost of components 
produced from steel tube as against forgings is 
estimated at up to one-third less, depending on 
the size of the workpiece. — 8. H.-S. 


CLEANING AND PICKLING 


Automatic plant for cleaning, polishing and 
plating J. Walters (/nd. Fin., 1960, 12, Sept., 
37-42) The author reviews recent develop- 
ments in finishing equipment. He shows how 
improvements in the layout of existing equip- 
ment and the use of semi-automatic plant can 
reduce the number of expensive hand opera- 
tions, and that the use of special jigs and 
equipment can improve both quality and out- 
put of metal finishing processes.a. ¥. 

Some problems associated with contract 
chemical cleaning ©. M. Loucks (Corrosion, 
1960, 16, Oct., 18-26) The author reviews the 
history and development of chemical cleaning, 
laboratory and field experiences with cleaning 
by inhibited acids are described, and some of 
the corrosion and safety hazards are examined. 

Scale on wire rod and its removal by mechan- 
cal means 8S. Garber and G. M. Sturgeon 
(Symposium on Iron and Steel Industry in 
India, 1959, Feb., 402-421) Existing mechan- 
ical methods of scale removal and the associ- 
ated problems are reviewed, and economic 
factors considered in the first part of the paper. 
In the second part, a detailed study is made of 
the conditions of formation and structures of 
the scales formed; the effects of mechanical 
descaling and the structure of the residual 
scale are then examined. It is concluded that 
mechanical descaling could be applied more 
widely than at present (44 refs). 

Polishing stainless steel (.M/etalw. Prod., 1960, 
104, Aug. 24, 57) Carbrax, a process for polish- 
ing stainless steel, which is operated in three 
stages, is briefly described.—s.H.-s. 

Ultrasonics frees smudge film from descaled 
steel strip J. J. Obrzut (Jron Age, 1960, 185, 
June 16, 119-121) The development of a 
scheme for descaling and cleaning steel strip is 
described. The technique involves shotblasting, 
followed by ultrasonic cleaning in warm alkal- 
ine fluid. The process has given good results on 
a pilot plant, and promises low-cost removal of 
seale without waste disposal problems. The 
product should be suitable for cold-rolling or 
cold-forming operations.——D.L.C.P. 

Relative effectiveness of decontamination of 
various stainiess steel surface finishes E. E. 
Pierce (C F-60-6--54; 1960, June, pp.12; from 
Nuel, Sci. Abs., 1960, 14, Sept. 30, 2325) Com- 
parison data were needed concerning stainless 
steel plate and sheet for use as linings in 
shielded cells. An investigation was made to 
obtain information concerning surface finish 
specifications, prices, and decontamination 
properties of }-in thick plate with a No.1 
finish, % -in thick sheet with a No.1 finish, and 
11 gauge sheet with a 2B finish. The ASTM 
specifications relating to stainless steel sheet 
and plate describe the procedures used to 
obtain the various finishes but do not give 
specific tolerances for the surface finishes. The 
finishes may vary considerably depending 
upon production conditions.—2.8.¥.c. 

The ‘ZIL’ type sand-biasti and sand- 
sli semi-automatic rod ng machine 
N. I. Rastimeshin, A. A. Agafonov, and A. A. 
Lamasov (Lit. Proizv., 1960, (10), 26-28) The 
machine described, which has a turning and 
drawing mechanism, has been made at the 
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I. A. Likhachev works, Moscow. Its advantage 
over ordinary sand-blasting machines is that 
it can be used for manufacturing rods from a 
mixture of higher untreated strength (0-2 

0-4 kg/cm? instead of the usual 0-04-0-08 kg/ 


em?). 

ing and stainless steel (/nd. 
Fin., 1960, 12, Aug., 32-33) Brief details are 
given of the Walters and Dobson (‘Polyglazer’, 
designed for high speed finishing of flat or near- 
flat stainless steel shapes. Typical applications 
are quoted.—a.F. 

Some details of the vibratory finishing 
Hepburn Conveyor Co. Ltd (Met. Fin., 1960, 
6, July, 276-278) Machines with a three-way 
vibratory motion and up to 18 ft® capacity are 
offered to replace rotary barrelling for descal- 
ing, grinding, ete. Coarse work is processed 
more quickly and delicate parts are not dam- 
aged. Careful selection of type and form of the 
abrasive material is recommended. 

A comparison of phosphate coatings for use 
in the cold shaping of steel 1D. ne Johmoon 
(A D-204335; PB 144053, 1958, Feb., pp.43; 
from US Gov. Res. Rep., 1960, 33, Feb. 12, 193) 
Coatings produced in room temp. Zn phos- 

»hate soln. were compared with those produced 

in the chlorate-nitrate and nitrate—nitrite 
accelerated Zn phosphate baths. Steel grit 
blasting was found to be slightly better in 
draw properties than pickling as a pre- 
treatment (12 refs). 

Considerations on the design of graphite 
heat exchangers A. Hilliard (Brit. Chem. Eng., 
1959, March, pp.6, reprint) An account of the 
development of the Polybloc heat exchanger. 

Savings with new type ¢ 7 heat ex- 
changer in steel pickling pliant . Garman, 
A. Hilliard, and N. H- Riches ‘thee. Chem. 
Eng., 1959, July, pp.5, reprint) The use of the 
‘Polybloc’ heat exe hanger for heating pic kle 
liquor is described. It replaces live steam injec- 
tion and savings are estimated. 

Study of the reactions of thiourea in 
solutions using radiotracer methods 7. F. 
and M. Galan (A D-214298; PB 145834, 1959, 
Feb., pp.17; from US Res. Rep., 1960, 34, 
July 15, 75-76) Using labelled thiourea the 
amount adsorbed on steel, the inhibiting effect 
of the addition and the rate of decomposition 
and loss from the bath were determined. 

A pre- uction test for acid inhibitors 
R. H. Hertzog (Wire Wire Prod., 1960, 35, 
March, 327, 385-386) Details of a laboratory 
test to determine the chemical efficiency of 
pickling inhibitors are given. Samples of stri 
are immersed in acid under standard condi- 
tions and the weight loss measured. The differ- 
ence in results of tests with and without the 
inhibitor present represents the inhibitive 
efficiency .—D.8.L.P. 

Acid dip concentration control G. N. Mandel 
(Met. Fin., 1960, §8, May, 56-58) With the aid 
of tables the method of calculation and adjust- 
ment of percentage by volume is explained. 

Seeegee polishing of stainless steels 
Y.N. Trehan, 8. P. Bhadra and P. K. Gupte 
(NML Techn. J., 1960, 2, May, 8-17) H,SO, 
glycerol-water compositions were studied for 
the electropolishing of various types of stainless 
steels. Temp. and current densities were 
examined and optimum composition was 
established (25 refs). 

otoblasting billets — inspection (Jron 
Steel Eng., 1960, 37, July, 137) A description 
of shot-blast descaling equipment, an auto- 
matic plant manufactured by Pangborn Corp., 
Hagerstown, Maryland. 

The removal of corrosion scale from heat 
exchanger by chemical treatments 0. Menis 
(C F-59-4-107, 1959, April, pp.5; from Nuel. 
Sci. Abs., 1960, 14, Oct. 15, 2490) Tests to 
devise a solvent system for scale removal are 
reported and a solution of Versenol (N-hy- 
droxyethylethylenediaminetriacetic acid) and 
ammonium acetate appeared to be most 
— for ogy steel a. et 

nvestigations to 


baths for the -po 

T. Zak (Prace Inst. Mech., be 7, (22), 45-50) 
The study was concentrated on the anode 
oxidation efficiency in baths of different 
H,PO, to H,SO, ratios. After experiments, the 
optimum ratio was established as well as the 
best temp. and current density. 


PROTECTIVE COATINGS 


Metallic ings ©. L. Kobrin (/ron Age, 
1960, 185, June 30, 137-151) The subject of 
metallic coated metals is surveyed under the 
following heading: why precoated metals pay 
off; large variety eases selection; can standard 
methods be used to form precoated metals? 
How to join precoated metals.—p.L.c.P. 

Better ing of steel and die-castings E. 
Snekvik (Tek. Uke, 1960, 107, Feb. 11, 117- 
123) Standardized requirements and testing 
procedures for the Ni and Cr plating of auto- 
mobile parts, and the problem of corrosion are 
discussed. The advantages of two-layer Ni 
plating from different types of bath, and of the 
use of crack-free, 1-2 y-thick Cr deposits from 
special baths are discussed (20 refs). 

A review of the development of the plating 
automatic machine F. Lohrie (Metallober- 
fliche, 1960, 14, Oct., 309-312) The principles 
of devices which were first introduced about 
30 years ago are briefly outlined, and future 
trends considered.—T.«. 

The flexible plating automatic machine H. 
Henig and F. Kollorz (Metalloberfliche, 1960, 
14, Nov., 329-332) In this instalment the 
characteristics of the rigid and the flexible 
plating automatic machines are compared and 
the advantages of the flexible type stressed. 
Design details of the flexible type and its con- 
trol and control equipment are briefly des- 
eribed.-—t.a. 

Automatic machines for the electroplating of 
small parts H. Petter (Metalloberfldche, 1960, 
14, Nov., 333) Two types are briefly described: 
the series barrel-type with programme control 
and the circular bell-type. 

Elimination of mildew areas and damp 
patches on walls in plating s K. Moritz 
(Metalloberfldche, 1960, 14, Nov., 350-352) The 
author shows the effect of the warm, moist 
atmospheres present in plating shops and the 
like on mildew formation and damp patches on 
the outside walls of the shops. Condensation is 
a result of the temp. gradient existing in the 
wall. The remedy is thermal insulation of the 
wall with one of the modern foam plastics with 
a ‘vapour barrier’ attached to the inside. The 
secret lies in the vapour barrier, this is a lining, 
preferably acid-resistant for plating shops, but 
it should also ‘breathe’ as conventional plaster 
does in order to avoid any accumulation of 
moisture in the heat insulation or wall.—r.«c. 

Some methods for testing surface coatings 
F. W. Schlitt (Materialpriifung, 1960, 2, Oct. 
20, 393-403) A description is given of various 
methods for testing coats of paint and enamel, 
and electrolytic deposits, both as a manufac- 
turing control and for testing service per- 
formance (13 refs). 

Measuring plating loads for round head steel 
screws G.C. Field (Met. Fin., 1960, 58, May, 
46-48) A chart is given which can be used as a 
means of estimating costs and providing an 
easier method of plating to specifications. 


CLAD SHEET AND HARD FACING 


Hard facing saves valve seats (Jron Age, 
1960, 185, June 16, 132) A machine for the 
automatic hard-facing of valve seats and discs 
with Co-base alloys, is described. There are 
five stations at which the following are 
effected: loading, preheating, hard-facing, 

-heating, cooling. The deposits are applied 

y oxyacetylene welding.—D..L.c.P. 

Hard chrome finish for cylinder liners (Ind. 
Fin., 1960, 12, Nov., 39-41) A description is 
given of the new Wolverhampton plant of 
Laystall Cromard Ltd, who specialize in the 
further development and mass production of 
Cromard liners. Particular attention is given to 
the plating process carried out in specially 
omens Canning —— units.—G.F. 

Gas flame delivers flux in metal cladding 
W. L. Ulmer ‘ged, 08 147, Aug. 22, 
80) A process designed to economize the use of 
-— r and meet foreign competition, copper- 

steel slabs or makes copper-—stainless 
eandiutehan, with copper content as low as 
10%. Bimetals such as stainless steel] clad on 
carbon steel slabs and various other uses are 


indicated.—s. 8.-s. 
ing of aluminium oxide H. 


The flame spra 
Meyer (Werks. Korros., 1960, 11, Oct., 601- 
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616) Basic procedures in the flame jet, com- 
position, structure, and properties of the coat- 
ing, and its adhesion to various metals under 
different surface conditions are discussed. The 
additional protection given by using inter- 
mediate layers and by stabilizing the sprayed 
coating is examined (32 refs). 


POWDER METALLURGY 


Powder metaliurgy. Stainiess steel—boron 
carbide and zirconium—boron-carbide com- 
P. G. Herold, T. J. Planje, and J. M. 
Cisar (KAPL-M-JMC-1, 1955, May, pp.28; 
from Nucl. Sci. Abs., 1958, 12, Nov. 15, 1930) 
Powder metallurgical compacts were prepared 
consisting of varying boron carbide-to-base 
metal ratios, the base metals in these in- 
vestigations being types 347 and 302 stainless 
steels and Zr. Systematic studies of the effects 
of sintering and reheat temp. on the physical 
properties of compacts are described and the 
resultant data presented in tabular form. 
Thermal differential analyses were performed 
to determine compounding temp. of B,C with 
- matrix materials studied.—c.¥F.c. 
arding the shrinkage mechanism during 
the - ntering of metallic uae briquettes 
. Fedorchenko and N. Kostyrko (Fiz, 
Mee Metallov., 1960, 10, aE 75083) The 
investigations obtained data showing the 
effect of the roasting temp. on the specific sur- 
face of metallic powder particles, from which a 


relation has been obtained between this 
specific surface and the shrinkage during 
sintering. It has also been found that hetero- 


diffusion of powder mixtures consisting of 
different metals to the surface layer of the par- 
ticles during roasting, result in a reduction of 
the volume of shrinkage. The conclusion was 
reached that in the absence of a liquid phase, 
the dominant role in shrinkage during sinter- 
ing is played by the reconstruction processes of 
diffusion on the surface layer of particles and 
not within the particles themselves. 

Some developments in metal powder presses 
J. Oakley (Powder Met., 1960, (6), 1-19) The 
requirements ot these presses are enumerated, 
and their development and present forms 
described, with details and illustrations of 
typical examples. American and Continental 
types of design are compared. 

Some fundamental studies in the cold com- 
paction ” yf pomenyy | deforming solids D. Train 
and J. ersey {Powder Met., 1960, (6), 20 
35) T he behaviour under compression of 
materials which deform plastically at normal 
temps. is studied, with particular reference to 
the effects of die-wall friction and relative 
volume. Theoretical and experimental work is 
described (Pb and In) the die-wall friction 
effects produced by a solid plug are compared 
with those from a particulate fill of the same 
material, and are correlated with the shear 
strength of the material (24 refs). 

Determination of hoop stresses induced in a 


cylindrical steel die by oa metal 
powders S. J. Bustamante and H. Sheinberg 
(Powder Met., 1960, (6), 36-51) True die 


stresses in a hardened steel die during the 
compacting of various lubricated and non- 
lubricated pwders were measured by mounting 
strain gauges on the die periphery. Hoop stress 
values varied from about 0-05-0-40 of the 
calculated and measured hydraulic fluid stress, 
and for a given powder were a function of 
average particle size, powder height, and 
amount of lubrication. 

The displacement of gas from geuetens during 
compaction W. M. Long and Alderton 
(Powder Met., 1960, (6), 52-72) Gas flow during 
and immediately after compaction was 
measured by a soap-bubble method, effects of 
various factors being investigated. It was 
shown that trapped gas could produce cracks. 

Radial pressures in powder compaction 
W. M. Long (Powder Met., 1960, (6), 73-86) 
Variation in radial die-wall pressure during 
compaction in conventional dies is explained 
on the basis of a theory which predicts that 
radial pressure, during application and release 
of pressure by the punch, should follow a 
characteristic cycle the form of which is deter- 
mined by the elastic properties and by the 
yield stress in shear of the material being com- 
pacted. The mechanism of production of 
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capping and laminar cracks by residual radial 
pressures is discussed in detail, and equipment 
for measuring radial pressures and powder/die 
coefficients at 350°-—500°C is described. 

The influence of tooling methods on the 
pony | distribution in compton metal-powder 

. G. Taylor (Powder Met., 1960, (6), 87 
124) The theoretical movements required for 
the various moving tool elements during the 
pressing cycle are studied for several typical 
component sections, and the results examined 
in the light of conventional tool design. 

The com ng of metal powders by expio- 
sives W. T. Montgomery and H. Thomas 
(Powder Met., 1960, (6), 125-128) A technique 
is described for compacting by means of con- 
trolled detonations. Reference is made to the 
compacting of Al, Fe, Cu, steel, and non- 
metals such as graphite, and of annular 
cylinders. 

Aspects of the volume production of green 

us bearing com M. A. Pound, A. E. 8. 

owley, and J. E, Elliect (Powder Met., 1960, 
(6), 129-149) History and method of manu- 
facture of self-lubricating porous metal bear 
ings are described briefly, and various factors 
relating to their economic large-scale manu- 
facture are considered in detail. 

Sintering under glass 1). Yarnton and M. 
Argyle (Metallurgia, 1960, 61, June, 239-240) 
The technique of bright sintering of powder 
metallurgy compacts under glass, without a 
vacuum or controlled atmosphere, is described, 
and the advantages and disadvantages of the 
process are outlined. 
of boron by powder metal- 
lurgical tech P. Best and 8. R. Twigg 
(Metallurgia, 1960, 62, Oct., 146—152) In the 
trials described, it is shown that B-rich alloys 
containing about 10 wt, of metals such as Ni, 
Cu, and Mn can be fabricated by hot pressing. 
Details of the techniques and results are given. 


FERRITES, CERMETS AND 
CARBIDES 


On the properties of cast ferrites F. Berg- 
mann (Ber. Arbeitsgemein. Ferromagnetismus, 
1958, 84-86) Attempts were made to prepare 
ferrites by fusion instead of by the usual 
sintering process. Two methods were used: 
melting of iron with oxygen and adding oxides 
to the melt, and melting by resistance heating 
in a crucible. The properties of the ferrites pro- 
duced by these methods and their further use 
are described. It is pointed out that the mag- 
netic after-effects of the cast ferrites are 
extremely small.—t.«. 

Temperature psepentente and disaccommoda- 
tion of the in permeability of the system 
Mn0-ZnO-FeO-Fe,0, W. Heister (Ber. Ar- 
beitsgemein, Ferromagnetismus, 1958, 87-92) 
The anomalous temp. dependence of the initial 
permeability of Mn-—Zn-ferro-ferrites was 
studied and so was disaccommodation, i.e. the 
change of initial permeability with time. Both 
effects depend markedly on the amount of 
excess iron oxide and may be influenced by 
sintering temp. and atmosphere.—T.«. 

ntaneous rectangular hysteresis leaps of 
es K. Reichel and K. Sixtus (Ber. Arbetis- 
gemein, Ferromagnetismus, 1958, 93-97) It was 
found that cobalt-containing Ni-Zn ferrites 
with iron deficiency show a rectangular 
hysteresis loop at room temp. after sintering in 
oxygen. The characteristics of, and the causes 
of, a spontaneous rectangular hysteresis loop 
are discussed.— T.G. 
Anisotropy of the dielectric proete in 
barium and lead ferrites J. Rupprecht 
and C. Heck (Ber. Arbeitsgemein, Ferro- 
magnetismus, 1958, 98-100) Measurement of 
the dielectric constants and the effective 
resistivity showed a dispersion for barium and 
lead ferrites in the frequency range 60 kc/s to 
30 me/s. The causes of the effect are discussed. 

Ferrite formation and netic properties of 
hexagonal ferrites as a result of oxide addition 
H. G. Miiller and G. Heimke (Ber. Arbeits- 
gemein, Ferromagnetismus, 1958, 101-104) The 
magnetic and technological properties of the 
commercially used, hard magnetic oxide 
materials, particularly those on a barium fer- 
rite basis, can be affected favourably by addi- 
tion of silicates, specially calcium silicate. The 


effect and the economic consequences with 
respect to production problems are discussed 
(16 refs).——1.c. 

Growing ferrite single crystals A. Neuhaus 
and J. Liebertz (Ber. Arbeitsgemein, Ferro- 
magnetismus, 1958, 105-107) Large single 
erystals (1-5 cm by 0-8 cm dia.) of NiFe,O, 
were grown by the Berneuil method, which is 
described. For producing perfectly homogene- 
ous single crystals an excess of Fe,0, was 
required.—T.G. 

Fundamental studies on cermets. I. On the 
surface tension of pure metals K. Monma and 
H. Suto (Nippon Kinzoku, 1960, 24, (2), 117 
121) The measurement of surface tension of 
molten metals by the sessile drop method is 
described, and a semi-theoretical equation is 
deduced. With changes in numerical values of 
the constants, similar equations are applied to 
Van der Waals’ and ionic liquids (17 refs). 

An —, of the mechanical om aol 
ties of cermets as related to the microstructu 
1. Binder (WA DC-T R-58- 432 (Pt.11), 1959, 
Aug., pp.10; from Nucl. Sci. Abs., 1960, 14, 
July 31, 1778). 


PROPERTIES AND TESTS 


Measurement and control in the iron and 
steel industry H. Weineck (V D/Z, 1960, 102, 
Nov. 1, 1499-1506) This is a review of informa 
tion published during the last year or so on 
measurement and control in the iron and steel 
industry, with particular emphasis on auto- 
mation. Besides the more conventional prac- 
tice the author deals with data processing and 
programming (91 refs).—7.«G. 

international metallurgical classification: a 
tool for increasing efficiency in the exchange of 
experience in iron and steel field G. Bricarelli 
(Symposium on Iron and Steel Industry in 
India, 1959, Feb., 422-425) Problems of docu- 
mentation and the advantages of the ASM 
SLA classification are discussed (10 refs). 

On the future organization of metaliurgical 
research (T'etsu to Hagane, 1960, 46, June, 711- 
721) A symposium. —K.E.J. 

Research testing A. E. Bingham (J. Soc. 
Eng., 1960, 51, April, 79-99) The paper is con- 
cerned with engineering research and discusses 
in detail the structure testing of an under- 
carriage. Vibration, fatigue, and drop testing 
are examined, and special attention is given to 
hydraulic systems. 

Mechanical properties of stainless steel VO 
dispersion fuel elements W. 1). Valovage and 
R. A. Siergiej (KA PL 1590, 1959, July, pp.12; 
from US Res. Rep., 1960, 34, July 15, 106) No 
abstract.—-s. H.-S. 

Quality control gets assist from automatic 
gauging K. H. Eshelman (/ron Age, 1960, 185, 
June 16, 130-132) The application of automatic 
gauging to the quality control of automobile 
engine parts is described.—p.L.c.P. 

Teepection and testing of materials for tur- 
bines and generators L. F. Benson and J. 
Johnson (AEI Eng. Rev., 1960, 1, May, 18-32) 
Inspection of forgings and castings as carried 
out at Trafford Park is described beginning 
with the ingot and including sulphur prints, 
ultrasonic inspection, and stress effects. Vari- 
ous components, including heat-exchangers, 
are individually discussed. 

High-temperature strain gauges check our 
jet-engine blades J. M. Canfield (/ron Age, 
1960, 185, June 2, 72-73) The application of 
strain gauges to check the performance of jet 
engine blades in service is described. The gauge 
in the form of a fine grid, is attached to the 
blade by an insulating cement, and Pt ribbons 
and heavier leads connect to the slip-ring. 

Application of multivariate analysis tech- 
nique in analysing the main components in an 
evaluation of steel quality A. Molavoni (Jng. 
Mece., 1960, 9, Oct., 33-34) Multivariate 
analysis has been used to study three mechan- 
ical properties of an alloy steel: tensile strength 
and notch impact strength in longitudinal and 
transverse directions. A structural factor and a 
directional susceptibility factor have been 
isolated which express the quality of the steel. 
Their development has been followed by con- 
trol cards and a comparison has been made 
between these and contro] charts as regards 
mechanical properties. The advantages of this 
method are described. 
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Evaluation of surface defects by non- 
destructive testing W. A. Black (Blast Furn. 
Steel Plant, 1960, 48, May, 459-466) Equip- 
ment and methods used for detection and 
evaluation of billets etc., are described and 
assessed. 

Materials and constructional materials, in- 
cluding test methods and wipment K. 
Wellinger, D. Uebing, G. Stempel, and A, 
Jesumann (V DIZ, 1960, 102, Sept., 1297- 
1309) A review of the literature in three sec- 
tions: metallic materials (130 refs); highl 
porous sintered materials (47 refs); and build- 
ing materials (37 refs). 

Contribution to the ty of formed metal 
surtaces ©. Kienzle (Microtecnic, 1960, 14, 
(3), 118-124) Types of surface roughness pro- 
duced with different kinds of chipless forming 
are described. They are considered in the 
groups: formed without contact with the tool, 
formed in intermittent contact with the tool 
and formed in continuous contact with the 
tool. 

Calculation of the CLA roughness height 
from a profile K. van Hasselt (Microtechnic, 
1960, 14, (3), 113-117) It is shown to be possi- 
ble, with the help of Fourier analysis, to separ- 
ate ‘waviness’ and other deviations from sur- 
face roughness. 

Huber’s condition of plasticity. An attempt to 
prove its definite cause Z. Kiebowski and 8. 
Piasecki (Prace /nat. Mech,, 1958, 6, (23), 3-11) 
The authors, after giving preliminary defini- 
tions, supply an exhaustive summary of the 
various criteria of failure (change from elastic 
to plastic deformation). The Mises-Hencky 
equation is then vonsidered and the phenom- 
enon of plasticity is considered more closely, 
concluding with the examination of the varia- 
tions of Poissons’ ratio. The Huber condition 
of plasticity is supported on the basis that it is 
founded on energy considerations assuming 
constant volume. 

Study of factors influencing ductility of iron— 
aluminium alloys G. Rauscher, F. C. Perkins, 
and J. F. Nachman (AEC U-4335, 1959, Sept., 
pp.12; from Nuel, Sci. Abs., 1959, 13, Dec. 31, 
2995) Order-disorder structures of Fe-Al 
alloys were studied and data on the Miller 
indices for the diffracting planes of the lattices 
in the random distribution of FeAl and Fe,Al 
structures are given. X-ray data for mechanical 
properties correlation with order-disorder 
transformation in alloys are tabulated. 

The ring method of testing metals in relaxa- 
tion I. A. Oding, V. 8. Ivanova, V. V. Burduk- 
skii, and V. N. Geminov (*Chap. VII of Teoriya 
polzuchesti i dlitelnoi prochnosti metallov, 1959, 
Metallurgizdat.) A review of methods of testing 
with the worked-out theory of the ring method. 

Thermodynamic foundations of the theory of 
deformation J. F. Besseling (SU DAER-86, 
1959, Aug., pp.31; AFOSR-TN-59-871; from 
Nucl. Sci. Abs., 1950, 14, Oct. 15, 2486) It is 
shown that a continuum theory of deformation 
ean be founded on thermodynamical principles, 
the Galilean principle of relativity, and the 
concept of a natural reference state which at 
any instant is locally reproducible by a revers- 
ible process. The theory is a priori restricted to 
cual inelastic strains. Explicit relations in 
terms of material properties are presented for 
small deviations from the natural reference 
state. Attention is drawn to the inherent non- 
linearity of the thermoelastic equations in 
dynamic problems.——c.¥.c. 

Stiffness factor: A control measure- 
ment for wire N. W. berte (Wire and Wire 
Products, 1960, 35, March, 350-351) The use 
of a specially ae stiffness tester to 
measure the degree of temper of (copper) wires 
is described. It was found to be a useful pro- 
duction and inspection instrument.—pD.L.c.P. 

The tensile of high-purity low- 
carbon iron iron manganese w. Cc. 
Leslie, G. T. Williams, and D. 8. Hutton 
(JIST, 1961, 198, May, “tv ow issue}. 

Further in mechanical 


of nodular cast iron G. N. J. 

Gilbert (Indian Construction News, Special No., 
1958, 7, Nov.; Proc. Symposium on Recent 
in Fow Tech ,» 1968, 

Feb. 5-8, 129-142) Some factors influencing 
the ductility of ferritic nodular iron are exam- 
ined. For components subject to shock loading, 


Journal of The Iron and Steel Institute May 1967 




















100 ABSTRACTS 


the temp. of ductile to brittle transition in the 
impact test is the best criterion of ductility. 
The effect on this temp. of Si, Mn, P, and Ni is 
discussed. It is shown that a two-stage anneal 
involving heating in the austenite range to 
homogenize, followed by a sub-critical anneal 
to a Geman pearlite is essential. 

A drop-testing device used for small-scale, 
dynamic, cushioning experiments in Sandia 

"s ‘component recov ram’ 

W.J. Halpin (SCT M—49 eT (1a), (14), 1957, March, 
pp.31; from Nucl. Sci. Abs., 1960, 14, Aug. 31 
2002) A description of an 11 ft drop-testing 
device for small-scale tests at loading rates up 
to 25 ft/sec. 

Influence of test temperature on the notch 
toughness of unalloyed steels K. Wellinger and 
H.-J. Wittwer (Materialpriifung, 1960, 2, 
Oct. 20, 373-381) The influence of temp. and 
heat-treatment on the notch toughness of 
0-09-1-32%C steels was examined, using 
DVM-notch impact test-pieces cut from bars in 
the direction of rolling. The curves obtained 
for hypoeutectoid steels were independent of 
temp. above the transition temp. In the range 
0-3-0-6°.C the transition temp. was lowered 
about 100°C in hardened and tempered steels 
compared with the normalized condition, and 
this temp. also decreases with rise in C content, 
which was not found with normalized steels. 

Dynamic properties of ductile cast iron I. A. 
Schwartz (PB 135557, 1955, Sept., pp.36; 
from US Res. Rep., 1959, 31, May 15, 354) 
Charpy impact properties over a range of temp. 
are compared with those of class ‘B’ cast steel 
(14 refs). 

The mechanical 
= loading M. P. 


es of metals under 


ardif and W. Erickson 


aRDE-TMS 192/58, 1958, April, pp.21; 
from Nucl. Sci. Abs., 1959, 13, Dec. 31, 2296) 


Dynamic properties tow been found for mild, 
medium carbon, quenched and tempered alloy 
steels, and Al alloys. Although the yield stress 
of mild steel may be increased during dynamic 
deformation by as much as two or three times 
its static value, the increase in most other 
steels is much smaller—about 0 to 30%. 

c -V transition te ures of ferritic 
iron part 11. lron-chromium and iron- 
chromium-aluminium J. E. Srawley (NRL- 
5367, 1959, Aug., pp.18; from Nucl. Sci. Abs., 
1959, 13, Dec. 31, 3001) The Charpy-V mid- 
energy transition temp. of a series of Fe—Cr 
alloys containing up to 24-3%Cr and of three 
series of Fe-Cr-Al alloys containing up to 
25%Cr and 6% Al are determined for several 
conditions of mechanical working and heat- 
treatment. 

Effect of ferrite 

mae 


—— of 0- + 
yertz, W. F. Craig, and 8. Bumps 


(ATI-85786, PB 138906, 1960, April, pp.34; 
from US Res, Rep., 1959, 31, May 15, 353) The 
transition temp. of spheroidite from martensite 
was found to be considerably lower than that 
of spheroidite from pearlite (12 refs). 


investigatio ature notch 
sensitivity t-e steel 
R. B. Niederberger (PB 147483, 1959, March, 

p-22; from US Gov. Res. Rep., 1960, 4, 
Aug. 19, 199) Notched and smooth bar rupture 
data, at temp. of 1 000° and 1100°F and times 
up to several thousand h are presented for a 
low-carbon Cr—-Mo-—V steam piping steel. It was 
found that notch sensitivity was dependent on 
stress as well as on rupture time and temp. 


The low-temperature toughness of me 
chromium molybdenum, chromium nick 


H. Zeuner and 
K. E. Héner (Giesserei, 1960, 47, Nov. 3, 623- 
633) Transformation behaviour, hardenability, 
and temper stability of the steels under test 
were studied, Notch-impact tests at low temp. 
showed a decrease in notch-impact toughness 
and a drift of the range of rapid loss of 
strength towards higher temp. for increasing 
room-temp. strength of the steels. Optimum 
low-temp. toughness values were shown by 
Cr-—Mo steel castings; addition of Ni did not 
bring about the expected improvement, but 
gave a deterioration of this property. It is 
stressed that inclusions may act as ‘notches’, 
i.e. steels subjected to such stringent tests must 
be free from inclusions. 


in structure upon impact 
heroidite i 


Correlation of toughness between H-piate 
and Charpy impact tests W. P. Hatch jun. 
(WAL-TR-112/96; PB 151850, 1959, Sept., 
pp.32; from Nuel. Sci. Abs., 1959, 13, Dec. 31 
3001) A post-ballistic metallurgical examina- 
tion of a series of H-plates made from high and 
low hardness armour plate of different con- 
stitutions is reported. A correlation between 
transition data and ballistic performance of the 
H-plates is indicated. 

Bursting tests on thick-walled hollow cylind- 
ers of cast iron GG-22 K. Wellinger and D. 
Uebing (Giesserei Techn.-Wiss. Beih., 1960, 
July, 1625-1628) From the bursting tests the 
maximum pressure p,H was determined. Due 
to the influence of the graphite in the matrix 
the stress conditions are not directly compar- 
able with those in other metallic materials. If 
maximum pressure is related to tensile 
strength, the quotient in cast iron lies in the 
region of the corresponding values for ferritic 
and austenitic steels. 

The theory of the testing of sheet steel at high 
deformation speeds A. D. Tomlenov (Kuznech. 
Proizv., 1960, (7), 5-6) A method is proposed 
for the testing of sheet steel under conditions 
of bi-axial strain at very high speeds of the 
spreading of a shock wave. The stresses and 
deformation arising during the dynamic test- 
ing of sheet steel can be determined and the 
necessary calculations are given. 

Effect of radiation on impact strength of 
metals R. G. Berggren (C F-53-—3-3276 (Pt.I1) 
(Del) pp.279-286; from Nuel. Sci. Abs., 1960, 
14, Aug. 15, 1910) Specimens of Fe, carbon 
steel, stainless steel, and Ti were machined into 
notched-bar impact specimens and heat- 
treated; part of each group was then placed in 
one of several irradiation facilities. After 
irradiation, both the unirradiated control and 
the irradiated specimens were tested in a 
remotely operated impact testing-machine over 
a range of temp.—s.H.-s. 

Effect of irradiation on the notched-bar 
impact properties of some plain carbon steels 
D. O. Leeser, G. J. Deily, and K. F. Smith 
(C F-53-3-276 (Pt.II) (Del) pp.287-301; from 
Nuel. Sci. Abs., 1960, 14, Aug. 15, 1910) A 
study to establish the effect of irradiation on 
the impact strength and the ductile-to-brittle 
transition temp., primarily on steels used in 
pressure vessels. The effects are described and 
appear, to some degree, to be independent of 
one another.—-8. H.-8. 

Rapid-heating stress-rupture jes of 
several engineering alloys A. T. Robinson and 
J.D. Ramsdell (A D-19297; PB 136207, 1953, 
Sept., pp.24; from US Res. Rep., 1959, 31, 
May 15, 358) Equipment and techniques are 
described for tests on AISI 1015 steel, 10-8 
steel, and a non-ferrous alloy at their respec- 
tive service temp. 

Review of published information on influenc- 
ing and — the ry shock-resistance of 

-working . Keil (Stahl Eisen, 1960, 

» Nov. 24, 1805- tein) The author reviews 
the recent literature on the thermal shock 
resistance of hot-working steels under the 
headings: formation of hot cracks, effect of 
mechanical properties, in particular the effects 
on the stress-strain curve, and the effects of 
testing conditions. Damping measurement can 
detect cracks in the test-pieces that cannot be 
found by any other known method (16 refs). 

The mechanism of strengthening in metals 
containing an oxide ion R. Hodson, 
R. H. Read, and A. G. Metcalfe (AR F- 2149-4, 
1959, July, pp.45; from Nucl. Sci. Abs., 1959, 
13, Dec. 31, 2995) Investigations were made in 
areas fundamental to dispersion strengthening 
theory. A study of the effects of bonding 
between particulate oxide dispersions and 
matrix has strongly indicated that dispersion 
efficiency is dependent on the existence of the 


bon 

propagation tests of high-strength 
sheet materials. Part IV. The effect of warm 

ning J. E. Srawley and C. D. Beachem 
(NRL Rep. 5460, PB 161355, 1960, April, 
pp.20; from US Gov. Res. Rep., 1960, 34, 
Aug. 19, 200) Evidence is presented that the 
weakening effect of the cracks provided in 
crack-propagation test specimens of high- 
strength sheet steels may be substantially 
mitigated by straining at moderately elevated 
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temp. where the mode of fracture is entirely 
shear, before testing at lower temp. The im- 
provement in load-bearing capacity of the 
specimens resulting from the pre-straining 
treatment is greater the lower the testing 
temp. The effect is believed to be mainly a 
result of blunting of the crack fronts in the 
vicinity of the specimen surfaces by plastic 
flow and shear cracking during pre-straining. 
It might be of some practical value in reduc 
ing the effective severity of undiscovered 
cracks in certain thin-walled structures, thus 
improving the integrity of such structures 

A relationship between fatigue strength and 
elastic limit in steel C. Schaub (Jernkont. Ann., 
1960, 144, (9), 737) A number of specimens of 
bar steel were given various heat treatments 
and tested for fatigue, 48 Wohler curves being 
plotted. It was found that the fatigue strength 
was governed by the elastic limit. 

Investigation of fatigue properties at room 
temperature of high strength steels having high 
Sans temperatures H. N. Cummings, 

Stulen, — W. C. Schulte (WADC 
Rept., 59-227; PB 161144, 1959, Sept., 
from vs Gov. Res. Rep., 1960, 33, 
Feb. 12, 192) High strength steels showing 
promise of good fatigue strength at 1000°F 
were investigated at room temp., structural, 
spring, and bearing steels, and steels for the 
surfaces of space vehicles being tested. It was 
shown that improved fatigue properties might 
be attained if the inclusion content could be 
lowered and inclusion size limited to <0-0005 
in. 

The propagation of fatigue cracks in various 
sheet materials N. E. Frost (NEL Report AB 
Div. No.30/58, 1958, Nov., pp.60) Fatigue 
tests under alternating tensile stresses have 
been carried out on nine common engineering 
materials in the form of thin sheets, 9 or 10 in 
wide. The rate of growth of cracks from a small 
central slip was measured. When crack growth 
was continuous, the growth rate for crack 
lengths up to one-eighth of the sheet width 
could be represented by: dl/dN = KI, where | is 
the half-crack length, and N the number of 
stress cycles in millions. The coefficient K 
could be represented by K =o*/N,, where oa is 
the applied nominal alternating stress (based 
on gross area) and N, depends on the material 
and may also depend on mean stress. The 
relative susceptibility to slow growth of 
fatigue cracks has been determined.—c. F.- © 

Fatigue of welded structures (Commonw. 
Eng., 1960, 48, Aug. 5, 38-40) This note sum- 
marizes a British symposium at Cambridge on 
fatigue in steel and Al alloy structural ele- 
ments and joints fabricated by fusion welding. 

The effect of cold work on the fatigue proper- 
ties of two steels N. E. Frost (M etallurgia, 1960, 
62, Sept., 85-90) "a was shown from fatigue 
tests on mild and Ni-Cr steels after various 
amounts of cold work, that an appreciable 
increase in fatigue limit can be achieved by 
cold working mild steel, and there is some 
indication that the fatigue limit of a 2}°,Ni-Cr 
steel may be slightly increased by cold work. 

The tendency of the metal to deterioration 
during thermal fatigue Yu. V. Kostochkin and 
I. A. Oding (Izvest. Akad. Nauk. Otdel. Tekhn. 
Met. Toplivo, 1960, (1), 101-104) As a conse- 
quence of a certain number of cycles of heating 
and cooling of the surface of a metal, a net- 
work of very fine cracks develops which 
reduces its strength. The rate of crack forma- 
tion and therefore the strength of the metal, 
depends on its properties, on the shape and 
dimensions of the component piece, and to a 
great extent on the heat changes. 

An investigation of the effect of alternating 
temperature stresses on the strength of steels 
A. V. Ratner (SLA 60-13850; trans. of 
Teploenergetika, 1957, 4, (10), 73-77; from US 
Techn. Trans., 1960, 4, Aug. 10, 178) Results 
are quoted of tests on carbon steel and EYa~ 
IT steel tubes for thermal fatigue after 5000 
to 8000 cycles of fluctuating temp. stresses, 
and the permissible temp. stresses for these 
steels are evaluated on the basis of this 
number of cycles.—R8.8.F.C. 

Structure energy Eg ig of fatigue 
phenomena in metais V. Ivanova (Izvest. 
Akad. Nauk, Otdel, Tekhn. Sen Toplivo, 1960, 
(1), 93-100) The fatigue process (under symmet- 
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rical cycles) can be divided into the following 
periods: incubation, development of sub- 
microscopic cracks up to microscopic dimen- 
sions, and finally the period of the develop- 
ment of the microscopic cracks to macro 
dumensions. An analysis of these processes 
shows that the elastic distortion of the crystal 
lattice up to the critical limit and the energy 
needed for the destruction of the interatomic 
bonds, do not depend on the nature of the 
energy put in but are conditioned by the 
nature of the original metal. 

Fatigue tests on irradiated and control speci- 
mens of type 304 stainiess steel, zirconium, and 
a tin zirconium alloy D. ©. Leeser and J. E. 
Kemme (C F-53-3-276 (Pt.II) (Del), pp.302 
313; from Nuel. Sci. Abs., 1960, 14, Aug. 15, 
1910) Fatigue tests on type 304 stainless steel, 
grade | crystal-bar Zr, and a 24% Sn-Zr alloy 
are reported, with material history prior to 
testing. The effects of irradiation confirm that 
fatigue endurance limit of certain materials 
has a closer relationship to ultimate tensile 
strength than to yield strength.—-s.H.-s. 

Cumulative ay damage at elevated 
temperatures W. K. Rey (NACA TN 4284, 
1958, Sept., pp.54; from Nucl. Sci. Abs., 1959, 
13, Feb. 19, 177) A study of cumulative 
fatigue damage at elevated temp. was con- 
ducted using heat-treated SAE 4130 alloy 
steel. The S-N curves at room temp., 400°, and 
800°F were obtained from rotating beam 
fatigue tests. Two-step, three-step, and five- 
step cumulative-damage fatigue tests were con- 
ducted on rotating-beam fatigue specimens at 
room temp., 400°, and 800°F. The results of 
the cumulative-damage tests are compared 
with those of a theoretical analysis.—R.s.¥F.c. 

Effect of temperature on the static fatigue 
characteristics of hydrogen embrittied 4340 
steel E. A. Steigerwald, Schaller, and A. R. 
Troiano (WADC-TR-58-178; AD-155636; 
1958, April, pp.25; from Nucl. Sci. Abs., 1958, 
12, Nov. 30, 2043) Low temp. effects were 
studied. Incubation time for crack formation is 
controlled by H, diffusion and activation 
energy is 7610 cal/mol. Incubation time 
increased with fall of temp. until at — 50°F it 
becomes equal to total time to fracture. The 
discontinuous process failure is interpreted. 

Fatigue strengths of aircraft materials. Axial 
load fatigue t on — notched sheet speci- 
mens of 2024-T3 and 7075-T6 aluminium alloys 
and of SAE 4130 steel with notch radii of 
0-004 and 0-070 in H. J. Grover, W. 8S. Myler, 
and L. R. Jackson (NASA-TN-D-111, 1959, 
Sept., pp.26; from Nucl. Sci. Abs., 1959, 13, 
Nov. 30, 2707) The results of tests are given 
which were run at 0 and 20000psi nominal 
mean stress. The results extend those pre- 
viously reported for tests on similar specimens 
and are compared with them. 

Application of stress-concentration factors 
B. F. Langer (WA PD-BT-18, pp.1-12; from 
Nuel. Sci. Abs., 1960, 14, Oct. 15, 2486) 
Methods for predicting fatigue life and their 
uses are described. 

Energy versus strain theories for combined 
stress. A fatigue experiment using a rotating 
disc {and) basic research on fatigue failures 
under combined stress W. N. Findley and P.N. 
Mathur (EMRL-13, PB 143069, 1958, Dec., 
pp.25; from US Gov. Res. Rep., 1960, 33, 
Feb. 12, 192) A circular dise with a wide- 
flanged rim loaded along a dia. by pivot-pad 
bearings was rotated under constant load, so 
as to maintain strain energy at the critical 
location for fatigue failure constant while 
stresses at a given plane of the material at the 
same position fluctuate. 

A wire fatigue machine for investigation of 
the influence of complex stress histories H. T. 
Corten and G. M. Sinclair (7 & AM rept. No. 
81; A D-64455; PB 146577, 1955, April, pp.31; 
from US Res. Rep., 1960, 34, July 15, 77) A 
technical report on the behaviour of materials 
under repeated stress, —s.H.-8. 

On the rupture surface of a notched specimen 
due to fatigue K. Nishioka (Sumi. Met., 1959, 
11, Oct., 305-308) The stress level at which the 
final rupture area is located centrally varies 
with the fatigue-strength reduction factor, 
while the position of the area is approx. 
identical at the reversed stress just above the 
fatigue limit.—k.k.J. 





Relaxation and creep I. A. Oding, V. 8. 
Ivanova, V. V. Budrukskii, and V. N. Geminov 
(*Chapter LX of Teoriya polzuchesti i dlitelnoi 
prochnosti metallov, 1959, Metallurgizdat) A 
discussion is presented of the relationships 
supposed by various authors to exist between 
these phenomena. 

A theory of transient creep L.. M. Kachanov 
(Prikladnaya Matematika i Mekhanika, 1949, 
13, 381-390; SLA 60-13819 (foreign text 
included); from US Techn. Trans., 1960, 3, 
June 24, 805) Creep is treated as long-term 
non-linear viscous flow, and the present theory 
explains the most important features of creep 
under monotonically varying stresses.—-s. H.- 8. 

Investigations of creep behaviour of structur- 
al joints under cyclic toads and temperatures 
L. Mordfin, N. Halsey, and G. E. Greene 
(NASA-TN-D-181, 1959, Oct., pp.38; from 
Nucl. Sci. Abs., 1959, 13, Dee. 31, 2998) 82 
structural joint specimens were tested, 
including riveted joints and spot-welded joints 
of 17-7 PH (TH 1050) stainless steel. The 
results of these tests show a wide variance but 
indicate certain trends which permit the 
estimation of the cyclic creep behaviour of 
joints. 

C of inconel and stainless steel under 
irradiation J. ©. Wilson, J. C. Zukas, and 
W. W. Davis (CF-53-3-276 (Pt.Il) (Del), 
pp.268- 273; from Nucl. Sci. Abs., 1960, 14, 
Aug. 15, 1910) The purpose of the creep-study 
programme is to determine whether neutron 
irradiation will affect the creep strength of 
metals proposed for use in the Aircraft Nuclear 
Propulsion Project. In-pile tests of type 347 
stainless steel at temp. 1200°—1 500 F were 
carried out, and Inconel was tested at 1500 
1700°F in the ORNL Graphite Reactor and in 
the LITR where the fast fluxes were 4 10° 
and 1 10"* neutrons/cm*/sec, respectively. 
The stresses, ranging from 1500 to 8000 psi, 
were chosen to produce total elongation of 
about 0-2%, for 250- to 1000-h tests at the 
chosen temp.—s.H,-8. 

Radiation effects on creep of stainless steel 
L. F. Coffin jun. (CF-53-3- 276 (Pt.I1) (Del), 
pp.258-267; from Nucl. Sci. Abs., 1960, 14, 
Aug. 15, 1909-1910) Three irradiations were 
carried out, and the effects are described. The 
experiment indicates that the creep rate of 
type 347 stainless steel is inhibited by neutron 
radiation at temp. in the 600°C range. —s. H.-8. 

The connection between the deformations 
within the grains and their displacement reia- 
tive to one another during creep V. M. Rosen- 
berg (Izvest. Akad. Nauk. Otdel, Tekhn. Met. 

Toplivo, 1960, (1), 105-109) In the creep of 
metals and alloys there is a close connexion 
between deformation within the grains and 
their reciprocal displacement. This connexion 
is of a linear character and persists in all stages 
of creep, i.e. it does not depend on the rate of 
deformation. This linear nature can only be 
explained by the hypothesis that under certain 
conditions, during the entire period of creep, 
there is a certain main controlling mechanism 
of the deformation. The present study seems 
to confirm that the displacement of the grains 
is conditioned by the deformation of the 
grains themselves. 

Summary of results of the joint long-time 
creep investigations. Conclusions for steam 
plant construction W. Ruttmann and R. 
Schinn (*Vereiniqung Grosskesselbesitzer M itt- 
eilungen, 1958, Dec., 411-420) Investigations 
on 1136 specimens carried out over the temp. 
range 450-750°C are described and the results 
discussed (20 refs). 

The creep during tempering of hardened 
ball-bearing steel H. Muro (Nippon Kinzoku, 
1959, 23, Dec., 691-695) Hardened steel shows 
slow flow during tempering under sustained 
stress, which causes no such plasticity in the 
annealed steel. Data are given for twisting 
ereep in variously heat-treated specimens of 
SUJ-2, using a heating rate of 2°C/min, and 
shear stresses of 1-8-15 kg/mm?. It is con- 
cluded that, at service temp., the plastic flow 
is negligible compared with normal elastic 
deformation for ball bearings.—K.E.4. 

The strength of rails with particular reterence 
to rail joints S. Wise, D. Lindsay, and I. G. T, 
Dunean (Proc. 1M E, 1960, 174, No.9, pp.371 
407) This three-part paper describes recent 
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work on rails carried out by the Research 
Department of British Railways. Part I details 
the rail sections considered, theoretical con- 
siderations of longitudinal bending strength 
and an analysis of failures in service. Part I 
describes a site investigation which was made 
into the dynamic stresses experienced by rail 
joints under traftic. Stresses in both flat bottom 
(F.B.) and bull head (B.H.) rail joints have 
been measured with both normal and abnormal 
conditions of sleeper packing. Electrical resist- 
ance strain gauges were used at the calculated 
positions of maximum stress in each fiahbolt 
hole, and at other positions in the joint. The 
work initially covered the effects of steam loco- 
motives and steam-hauled stock, but was later 
extended to a second site so that electric loco- 
motives and multiple unit electric stock could 
be similarly covered. The investigation brought 
out the marked influence of apeed, wheel dia., 
and axle load on the magnitude of the stresses 
induced; and in view of the prospective 
increase in speeds, and to employment of diesel 
electric and electric locomotives with heavy 
axle loads on smaller wheels than as is usual 
eurrently, importance attaches to these results 
and their implications on the life expeetaucy 
of rail steel under fatigue loading. Part LII 
describes fatigue tests which have been made 
on B.H. and F.B. rails, both plain and when 
drilled with fishbolt holes, due to shear streases 
in the web, is compared for the two rail see- 
tions, and some consideration is given to 
various methods of increasing the resistance to 
cracking of this type. It is shown that ordinary 
atmospheric corrosion greatly reduces the 
fatigue strength of rails, and any proposed 
method of reducing bolt hole failures must 
therefore take this into account. —-c. F.C. 

Hardness of metals F. Sole Puig (/net. 
Hierro Acero, 1960, 13, July-Sept., 769-777) 
Hardness measurements are discussed. Con- 
version tables to cover the range from very 
hard to soft metals and alloys are provided 
comparing Rockwell, Brinell, Vickers, and 
Shore. 


High strength steel: effect of varying com- 
pediion to a target hardenability and an 
experimental silicon rich boron-treated low 
alloy steel S. V. Arnold (WAL-TR-320-1/1; 
P B-161007, 1959, Oct., pp.37; from Nuel. Sei. 
Abs., 1959, 13, Dec. 31, 3002) It was found that 
tensile, notched tensile, and impact properties 
of an experimental 0-33°%, carbon silicon-rich 
boron-treated steel with moderate amounts of 
Cr and Mo when quenched and tempered 
within the range 450° to 700°F were exception- 
ally good. 

Study on 17:7 PH stainiess steel. IV. Study on 
the mechanical properties of 17:7 PH stainiess 
steel containing about 1°.,Al T. Furukawa and 
T. Sato (Nippon Kinzoku, 1960, 24, (2), 96 
100) Supercooled austenite in the steel hardens 
through internal stress and transformation to 
martensite by cold-rolling. The hardening 
ratio is greater than in 18:8 steel. Hardness and 
yield stress increase greatly by ageing at 400° 
500°C. Heat-treatment conditions for max. 
properties are given. K.E.J. 

Microhardness of ferrite in carbon steels 
Yu. E. Bondarev (Fiz. Met. Metallov., 1960, 
10, (2), 308-310) The microhardness of ferrite 
increases continuously with an increase in the 
carbon content in steel. This increase in hard- 
ness is explained not by the work-hardening 
alone since the dissolved Mn and Si also act in 
this direction. Nevertheless a comparison of 
the characteristics of these elements with the 
regular rise in the curve of ferrite hardness may 
justify the conclusion that the effect of alloying 
is secondary. It may be that there are increased 
values for microhardness in thia case, but it 
may not be a general characteristic. 

The ageing of steel sheet when pressing out 
motor car and hoods M. Marinescu 
Firica (Met. si Constr. Masini, 1960, 12, (6), 
485-490) The ageing of steel sheet in deep 
drawing manifests iteelf by a reduction in 
drawability and by the appearance of flow 
lines. In mild steel the ageing is due to the 
presence of foreign elements (C, N, Cu, and O) 
in the a-lattice which inhibit the dislocations 
of the crystalline lattice or which precipitate 
in the form of microscopic particles in the 
ferrite structure of the steel. The industrial 
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methods of preventing ageing consist of mech- 

anical treatment (cold-rolling, straightening, 

stretching), thermal treatment (normalization 

with long periods of tempering), and especially 

the production of certain steels resistant to 

ageing (deoxidized with Al or stabilized with 
) 


Retardation of strain-ageing of a ~~ 
carbon structural steels yt 
Erdmann-Jesnitzer, W. echt, og o. 
Winsche (Bergadakemie, 1960, 12, Oct., 559- 
567) P retards the strain-ageing of plain 
structural steels, this effect increases steadily 
with increasing P up to about 0-12%. The 
effect is independent of the production method 
of the steel if the P is added as a master alloy 
to the steel during pouring. As P belongs to the 
group of elements which narrow the y-field of 
the Fe-C system, while at the same time it 
widens the a-field, it is assumed that other 
elements will have a similar effect, without 
impairing the weldability as P does.—t.«. 

Dislocation theory of strain ageing T. Mura, 
E. Lautenschlager, and J. O. Brittain 
(AFOSR-TN 60-206; PB 145857, 1960, Feb., 
pp.20; from US Res. Rep., 1960, 34, July 15, 
78) The return of the yield point following 
strain ageing is due to the locking of disloca- 
tions by a solute atmosphere, and is propor- 
tional to the quiere af eolene atoms in the 
atmosphere along the dislocation, The theory 
was compared with a series of the experiments 
done at several ageing temp., plastic strains, 
and ageing stresses.—s. H.- 8. 


Theoretical of the — of strain 
hardening from a . 10. 
Seasuas tieaieoeneand ae tee eoeoede of 


G. Saada (Mét.-Corr.-Ind., 1960, 
35, Sept., 317-335) A mathematical study. In 
Chap. IV the preceding results are applied to 
& study of plastic deformation. General con- 
clusions are presented (57 refs).—s.H.-s. 

Crack formation in the ee of 
steel E. I. Malinkina (Obr Tr 
pri Termicheskoe Obrabotka Stali, Ed. G. s 
Schraiber, Moscow 1958, pp.160; Jan., 1960, 
pp-213; F~TS--9984/V; from US Techn. Trans., 
1960, 4, Sept. 14, 290) The present volume con- 
siders the orem which give rise to stresses in 
steel during heat-treatment and the character 
of the cracks as dependent on the stressed 
state; an analysis of the technological and of 
some of the metallurgical factors influencing 
the formation of cracks is given, and the con- 
ditions under which cracks will form during 
production are examined. Where the causes of 
crack formation are determined, means for 
their elimination are recommended. This book 
is intended for engineers and technicians in the 
Soviet plants and scientific research institutes. 
(Soviet publisher’s announcement). 

Crack formation in steel and light metal E. 
Jansson (Tek. Tids., 1960, 90, April 29, 473— 
476) Examples are illustrated and discussed of 
various types of cracking occurring in alloy 
sterls, including transcrystalline cracking in 
case-hardened steel. 

Brittle fracture and the yield point phenom- 
enon N. Louat and H. L. Wain (Australian 
Defence Scientific Services, Department of 
Supply, Aeronautical Research Laboratories, 
Report Met.32, 1959, April, pp.29; from 
Monthly Rev. Tech. Lit., 1960, 10, Oct., 15) A 
modified theory of dislocation locking is 
developed and shown to agree as to observed 
effects of grain size, loading rate, work harden- 
ing, and yield strength variations. 

Some observations on the brittle fracture 
problem G. M. Boyd (Ship Structure Committee, 
Special Report SSC-125, 1959, July, pp.20) 
Shear and cleavage fracture are distinguished 
and their occurrence in mild steel crystals are 
discussed. The initiation of brittle fracture is 
considered and the Charpy test is evaluated. 
Results with materials failed in service are 
plotted and other tests are briefly reviewed. 

The propagation of intercrystalline —_s at 
high temperatures and the plasticity of steel 
A. V. Stanyukovich and E. M. Pivnik (Fiz. 
Met. Metallov., 1960, 10, (1), 106-116) In the 
heat-resistant materials investigated, the 
formation of intercrystalline cracks at high 
temp. and at high speeds of deformation is 
observed from 450°--500°. An increase in temp. 
and a reduction in the speed of deformation 





increases the damage to the material caused by 
intercrystalline cracks. The number, length, 
and shape of these cracks depend on the actual 
conditions of the investigation. At maximum 
rates of deformation and at relatively low 
temp. the formation of pore-cracks is observed. 
With testing conditions resulting in the maxi- 
mum reduction of the plastic properties, thin, 
long cracks with narrow He evelop. The 
plastic properties at high temp. aan dinocthy 
connected with the degree of oO ane to the 
material by these ry stalline failures. 


On the question of La ay ge 
cracks during casti A. A. 
Bochvar, N. N. Rykalin, _ L. . ov, and 


B. A. Movehan (lit. Proizv., 1960, (10), 47) 
The problem of hot cracking has been the 
subject of numerous investigations. The 
authors have examined a large number of 
studies on the subject and in this short review 
ape their agreed conclusions which should 
of help to those interested in improving the 
strength of metals during casting and weldir 

The action of the deformation m 
on the cold-shortness of austenitic steels and 
their strengthening by means a re detor- 
mation M. M. Belenkova, Kodlubik, 
K. A. Malyshev, N. M. ae lad , V. D. Sadov- 
skii, and P. A. Ustyugov (Fiz. Met. Metalolw., 
1960, 10, (1), 122-130) The austenitic Mn 
steels type 40G18 and 50G18 show cold- 
shortness very clearly. This can be consider- 
ably reduced or even eg opaee f eliminated by 
additional alloying with Cr and Ni. It has been 
established with the help of magnetic sus- 
ceptibility measurements and metallography 
that the cause of cold-brittleness in austenitic 
steels is the appearance of deformation mar- 
tensite during impact tests at low temp. The 
favourable effect of additional alloying of 
austenitic Mn steels with Cr and Ni is ex- 
plained by the increased stability of the 
austenite with regard to the martensite which 
develops as a consequence of plastic deforma- 
tion. The appearance of deformation martensite 
is the cause of the much higher strengthening 
of austenitic Mn steels during cold plastic 
deformation in comparison with deformation 
at temp. in the region of 200°—300°. 

Embrittiement and phase changes in com- 
mercial stainiess steels for superheater tubes in 
boilers after prolonged heating E. Miyoshi and 
T. Yukitoshi (Sumi Met., 1959, 11, Oct., 
284-304) Data are given for 18-8, 18-8-Nb, 
18-8-Ti, 18-8-Mo, 25Cr—20Ni, 16—-16-2Mo 
Nb, and 16-16-2Mo-Nb-—V steels after given 
soln. and pptn. treatments and reheat for up 
to 10330 h. Decrease of Charpy impact value 
is greater in pieces solution-treated and re- 
heated than precipitation treated. During re- 
heating, embrittlement is accelerated by higher 
temp. Metallurgically, the first three steels are 
most stable (10 refs).—J.£.3. 

he influence of trace elements on embrittle- 
ment phenomena in low-alloy steels J. M. 
Capus and G. Mayer (Metallurgia, 1960, 62, 
Oct., 133-138) Factors influencing ‘350°C 
embrittlement’ and temper-brittleness in Ni-— 
Cr and Ni-Cr-Mo low-alloy steels are examined 
by tests on high-purity materials. It was shown 
that trace impurities such as P, Sb, As, Sn, Si, 
Mn, and N, could induce significant ‘350°C 
embrittlement’ or temper brittleness. The 
latter, while reduced by Mo additions, was not 
entirely eliminated, particularly in the pres- 
ence of Sb (11 refs). 

Results of comparative tests on plates of 
structural steels for brittie fracture tendency 
W. Dick (Stahl Eisen, 1960, 80, Oct. 27, 1588 
1602) The author tested 37 OH and converter 
steels (0-04—-0-21°%C) for brittle fracture. The 
steels were cast and treated by various 
methods, The tests were carried out on plates 
in the as-rolled and in the normalized condi- 
tions. Notch impact tests at low temp. were 
included in the tests, the results of which are 
presented in many tables and graphs. The 
author found that the known means of killing 
a steel are highly efficient in reducing brittle 
fracture tendency and that the notch impact 
test is sufficiently accurate to detect the ten- 
dency of a stee] to brittle fracture.—T.«. 

study relating cracking mg 
and composition of fully austenitic type 34 
weld metal V. N. Krivobok (WASH-733, 


pp.20--69; eh Nucl. Sci. Abs., 1960, 14, 
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May 15, 1105) Investigation showed C and Mn 
to be most potent elements in reducing crack 
ing, and P and 8 the strongest and most 
definite crack promoters, with Si less effective 
in promotion than previously thought. 

ng metals for abrasion at 
high temperatures E. I. Leinachuk (Zavods. 
Lab., 1960, (6), 754-766) A machine is des- 
eribed operating up to 700° which is useful for 
testing metals before selecting suitable deposit 
alloys for hard-facing machine components in 
service at high temp. The main unit of this 
machine is a grinding wheel which can rotate 
at 120, 240, and 480 rpm. 

ments for the photo- 

rop impact phenomena G. 
Manzella (Ing. Mecc., 1960, 9, Aug., 55-64) 
This study deals with transverse central im- 
pact on beams of rectangular cross-section. 
After a brief account of high-speed photo- 
graphy and dynamic photoelasticity equip- 
ment, a method is described for obtaining 
dynamic photoelastic fringe patterns using low 
modulus photoelastic material and a Fastax 
cine-camera. The first test was on a uniform 
rectangular cross-section and the second on a 
beam in which a triangular groove had been 
machined. The results are compared and 
dynamic stress concentration factors are 
determined. 

Tests for determining fracture toughness of 
sheet alloys (Met. Prog., 1960, 78, Aug., 100B) 
A data sheet, based on DMIC Report No.124, 
Battelle Memorial Institute. ~ 

Crack growth during static tests of rocket 
motor cases H. Bernstein and J. A. Kies (Met. 
Prog., 1960, 78, Aug., 79-82) Slotted sheet 
specimens of AMS 6434 steel, heated to 
200000 psi yield strength and subjected to a 
modified fracture toughness test, to measure 
the ability of the material to withstand the 
jy wee of running cracks from an existing 
flaw. tails of the tests are given, and it is 
concluded that high-strength structures such 
as rocket cases should be carefully examined 
during fabrication to eliminate flaws, and also 
that they should be subjected to a minimum of 
pre-service stressing. 

Sheet > graded by ‘sharp-notch sensi- 
tivity’ G. Uspey (Met. Prog., 1960, 78, Aug., 
83-88) Susceptibility to brittle fracture of 
various high-strength sheet materials for tanks 
for rocket fuel is examined by the use of a 
specimen with very sharp notches on its edges 
to simulate the effect of cracks or crack-like 
flaws. 

Fracture theory applied to high -strength 
steels G. R. Irwin and J. A. Kies (Met. Prog., 
1960, 78, Aug., 73-78) A method is described 
by which fracture mechanics has been used to 
estimate the fracture toughness of high 
strength sheet steels necessary to ensure 
against catastrophic failure. 

Cause and effect of — hardening in 
austenitic stainless steels H. . Tomlinson jun. 
(AISI preprint, 1960, pp.9) so is outlined 
and work is briefly reported in which various 
physical properties were measured on hardened 
specimens. 

The contribution of atmosphere locking to 
the strain-ageing of low carbon steels 1). V. 
Wilson and B. Russell (Acta Met., 1960, 8, 
Jan., 36-45) Cottrell locking of dislocations 
and precipitation hardening both contribute 
to increase in lower yield stress which develops 
during strain-ageing of low carbon steels. An 
analysis of stress-strain relationships based on 
the Petch equations oy=0oi1+ Kyd~$ allows a 
separation of the contributions of these two 
sources of hardening. Observations of the 
development of changes in the tensile stress 
strain relationship during ageing have shown 
that atmosphere locking develops first, causing 


an increase in Kyd-+ with little change in o;. 
An estimation based on the Cottrell-Bilby 
equation suggests that this first shape is 


completed when the dislocation atmosphere 
density reaches a value between one and two 
atoms per atom plane. In a strain-aged steel, 
the contribution of atmosphere lecking to the 
lower yield stress is rather small compared 
with that in an saneates steel of the same 
given size.—s.H. 

Fatigue bending test apparatus for cables A. 
Jaumotte (Rev. M. Tidsch., 1960, 6, (3), 137 
144) Fundamental aspects of fatigue and 
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fatigue testing of cables are considered in 
detail. A — apparatus for cable is 
“Teamenbada 

ing F. Bollenrath (AGAR D- 
157, 1957, Nee > EP. 23; from Nucl. Sci. Abs., 
13, Feb. 28, 280) Mention is made of the inter. 
action between rates of diffusion and strain. 
From this are derived the resonance frequen- 
cies co nding to the temp. present during 
vibrational strain. 

Effect of prior on short-time mechanic- 
——. of 17-7 PH stainless steel (RH 950 

compared to TH 1050 condition) 
J. V. Gluck and J. W. Freeman (WA DC-T R- 
59-339, 1959, April, pp.90; from Nuel. Sci. 
Abs., 1960, 14, March 15, 583) A substantial 
loss in ductility was observed in room temp. 
tension tests. Material exposed to creep at 
600°F exhibited a substantial Bauschinger 
effect in tension and compression tests. The 
loss in ductility is attributed to stress and for 
temp. induced ageing during the creep ex- 
posure. 

The bend fatigue strength of butt-welds P. 
Galan and P. Jozefini (Zvdranie, 1960, 9, (9), 
266-269) {In Slovak] Pressure, arc, flame, and 
resistance welding respectively were used to 
make butt-welds in 16 mm dia. 0-2°%, plain 
carbon steel rods. The bend fatigue strength of 
the resistance-welded joints was highest, 
generally exceeding that of the non-welded 
metal. Machining of the weld zone increased 
fatigue life.—P.F. 

Fatigue from a metailu ae point of view 
O. E. Lissner (JS Afr. IMM, 1959, 60, Dec., 
213-238) A review o the more car te aspects 
of fatigue with observations of the phenomena, 
some hypothetical conclusions on the mechan- 
ism of fatigue, and some practical applications 
of different metallurgical treatments, and their 
effects on the fatigue properties of metals are 
given, followed by a discussion (60 refs). 

Effect of hardness and other mechanical 

on rolling-contact fatigue life of four 
-temperature bearing steels T. L.. Carter, 
E. V. Zaretsky, and W. J. Anderson (NASA- 
TN-D-270, 1960, March, pp.52; from Nucl, 
Sci. Abs., 1960, 14, June 30, 1515) The rolling- 
contact fatigue life of groups of AISI M-1, 
AISI M-50, Halmo, and WB-—49 alloy steel 
balls tempered to various hardness lev els was 
determined at room temp. Results are re- 
ported.—s. H.-8. 

Fatigue of metais by ultrasonic vibration. |. 
On the possibility of the use of ultrasonic vibra- 
tion in en ng fatigue tests on metals 7. 
Sugeno, J. Awatani, and A. Yoshikawa 
(Nippon Kinzoku, 1959, 23, Sept., 505-507) A 
description is given of fatigue testing by an 
apparatus using a Ni magentostriction trans- 
ducer operated at 18-6 ke/s and an exponential 
horn as focusing device.—x«.E.J. 

Thermal cycling test of type 347 stainless 
steel in-pile tubes S. Bigelow (KAPL-2009, 
1959, March, pp.24; from Nucl. Sci. Abs., 1960, 
14, Feb. 15, 349) The tubular test section was 
alternately heated and cooled for a total of 
10020 thermal cycles and eight pressure cycles. 
The maximum tangential stresses were 16570 
psi due to pressure and 98680 psi due to in- 
ternal heat generation. The test section was 
inspected several times during the test and no 
evidence of growth or cracking was observed. 

The behaviour of gas and salt bath nitrided 

under stress reversal M. Wiegand and M. 
Koch (Hdrt. Techn. Mitt., 13, (2), 77-90) After 
a review of the development of the process the 
methods of gas and salt bath nitriding are des- 
eribed, stress resistance of the following steels 
after nitriding is then examined, C 35, C 60, 
16 MnCr 5, 34 Cr 4, and 34 CrAl 6. A com- 
parison shows that in the case of non-alloy 
steels, nitriding substantially improves be- 
haviour under stress reversal. In contrast the 
stress resistance of nitriding steels increases 
when they are nitrided in a salt bath. 

The effects of mean stress and of pre- 
loading on the fatigue life of a high tensile 
structural steel (DUCOL W 25). Part I F. H 
Hooke (S & T Memo, 20/58, 1957, Sept., 

pp.44; from Nucl. Sei. Abs., 1960, 14, June 15, 
1369) Tests under reversed ‘nominal stresses of 
28 and 22 tsi with average endurances of 
60000 and 200000 cycles respectively are 
reported. Tensile preloads up to 32 tsi produced 


no significant effect upon fatigue life. Above 
this value fatigue life was reduced, the reduc- 
tion being a function of the excess of the load 
over 32 tsi and the time the loads were 
applied.—s.H.-s. 

Siete ee 

irmakov (Metallov. Obra. Met., 1959, (2), 
34-36) Influence of tempering temp. on the 
impact fatigue strength of this steel (0-32%,C, 
1-16%Mn, 1-20%Cr, and 0-99%Si), was 
investigated. The equipment used is described, 
and the results are discussed. 

Developments in wire rope fatigue testing 
U. Rossetti (*Transporti Industriali, 1959, 5, 
July-Aug., 1126-1218) A schedule of testing 
methods is developed and typical results are 
given and discussed. Scatter is considerable 
but is not beyond the inherent variations of 
fatigue strength. 

High temperature lubrication in reactive 
atmospheres K. L. Johnson, M. A. Swikert, and 
D. H. Buckley (Corrosion, 1960, 16, Aug., 
395t-398t) The authors emphasize the import. 
ance and discuss the behaviour of interface 
films in lubrication with reactive atmospheres 
at high temp. Friction and wear data are pre- 
sented for various materials, atmospheres, and 
lubricants at temp. up to 1500°F.—«. F. 

Microtractographic ceigeiee of the 
cavitation erosion of metals V. V. Gavranek, 
D. N. Bol’shutkin, and V. F. Zozulya (Fiz. 
Met. Metallov., 1960, 10, (1), 84-89) The cavita- 
tion erosion of the alloys investigated is due to 
the brittle fracture of the crystals. The surface 
dimensions of the chips resulting from the frac- 
ture of crystal nasties as well as their mutual 
orientation determine the erosion resistance of 
the alloy. This resistance increases with a 
reduction in the sizes of these chips and in the 
randomness of their orientation. This resist- 
ance may be increased either by heat treat- 
ment or by alloying. 

Friction and wear in actual machines as a 
scale of measurement for assessing the results 
of research G. Vogelpoh! (Forsch. Ing., 1960, 
26, (4), 108-116) The difficulties and miscon- 
ceptions arising from the transference of data 
from small-scale experiments on friction and 
wear to actual practice are discussed. It is con- 
cluded that it is necessary to consider the 
behaviour of the machine as a whole, rather 
than individual factors such as the coefficient 
of friction (59 refs). 

Coefficient of friction and the wear of the 
type TsM-332 mineral ceramic in a friction 
ow with a few different metals N. F. Kunin, 

‘ Melamed, Yu. G. Kudryavtsev, and I. A. 
Ozolina (Vestnik Mashin, 1960, (8), 32-35) The 
hardness of this ceramic material is exceeded 
only by diamond. The specimen tested was in 
the form of a disc ground to the 11th class of 
surface smoothness. All tests for wear agreed in 
all cases with the coefficients of friction. It was 
found that metal ceramics may be used, with- 
out lubrication, for service in friction couples 
with cast iron and steel (better with quenched 
steel) and, with lubrication, in friction couples 
with any metal. Their wear resistance, with 
and without lubrication, is higher than that of 
sulphur cast iron. 

The effect of slipping speed in roller friction 
on the wear resistance of inoculated iron \. A. 
Alekseeva (Vestnik Mashin., 1960, (8), 29-32) 
Experiments carried out with inoculated 
lamellar graphite iron show that the resistance 
to wear varies with the speed of slipping. The 
greatest destruction of the surface layer, 
resulting in eritical erosion, occurs at slipping 
speeds of vee = 21-8%. This type of inoculated 
iron may be recommended for service under 
compression loads of between 40 and 70 kg/ 
mm? with a minimum slipping speed of up to 
20%. 

Antifriction properties of high strength sg 
iron KE. A. Markoveakii (Vestnik Mashin, 1960, 
(8), 26-29) As a result of experimental friction 
couples at slipping speeds of from 0-1 to 
8 m/sec with specific loads of from 5 to 
50 kg/em? it has been established that under 
both dry and lubricated friction, the greatest 
resistance to erosion is obtained when both 
components in contact are of high strength sg 
iron with a pearlitic structure. Under such 
conditions the friction couple works satis- 
factorily under conditions of limiting friction 
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at speeds of 12 m/sec under a specific load of 
45 kg/em*. 

es friction on a plastic ah 
steel with and without lubrication “T. M 
Matveevskii (Vestnik Mashin., 1960, (6), 36- 
41) Friction tests are described on machine 
type KT-2 of a hardened steel ball on a plastic 
mass. A hardened steel ball of ShKh9 steel, of 
hardness K,90, rotates under a load at a rate 
of 1 rpm (0-4 mm/sec). The specimen is in the 
form of a ring 20/8 3 mm. The. lubricants 
were: pure diffusion-pump oil; the same with 
0-1% stearic acid; distilled water and water 
from the mains. The load remained constant at 
60-70 kg/em*, and the temp. was gradually 
increased. The mechanical strength and anti- 
friction properties of different materials so 
tested are given. 

investigating the wear of electrolytic 
chromium tayers D. 8. Plishko (Vestnik 
Mashin, 1960, (8), 22-26) Laboratory inves- 
tigations of wear of electroplated “Cr layers 
under dry friction couples with pearlitic 
sulphur iron and bronze, have shown that at a 
slipping speed of 0-5 to 12 m/sec the rate of 
wear, when in contact with iron, is smaller by 
a factor of 8-10 than in contact with bronze. 
This high resistance is due to the formation of 
carbides on the chromium surface, the micro- 
hardness of which is of the order of 1500— 
1800 kg/mm?. 

Wear tests on built-up weidings es 
and sandblasting K. Wellinger and vets 
(Schweissen Schneiden, 1960, 12, Nov., 465 
472) Abrasive-resistant built-up welds of 
various materials, including low-alloy and 
high-alloy metals and sintered carbides, were 
tested by sliding and impact, using silica sand 
and gas coke. The results obtained in the 
various tests on the different materials are 
shown in many graphs and tables; the results 
are rather complex, but one material was 
superior under all conditions: sintered carbide- 
containing bem trotting ¢ (22 a ee ot T.G. 


ann paw 7h contact bearings of 
rtumperaturs steels under 
adiieas aa as turbine 


applications H. ©. Walp, R. P. Remorenko, 
and J. V. Porter (WA DC Techn. Rept., 58-392, 
A D-212904; PB 161672, 1959, July, pp.87; 
from US Res. Rep., 1960, 34, July 15, 31) 
Results of endurance tests indicated no 
correlation of individual bearing life with 
observed dimensional variations for the same 
bearings.—-8. H.-8. 


Elevated temperature wear characteristics of 
Zi -2 and 304 stainless steel in con- 
tact h K J. A. Roberson (NAA 


SR-Memo.-5252, 1960, Feb.; from Nuel. Sci. 
Abs., 1960, 14, Oct. 15, 2948) Wear character- 
istics of Zircaloy-2 and type 304 stainless steel 
when in sliding contact with Inconel-X, 
Hastelloy-X, and Haynes-25 were determined 
at 1050° and 1400°F.—c.¥.c. 

adioactive marking of steel balls for grind- 
ing tests G. G. Eichholx (N P-8343, 1959, Nov., 
pp-9; Can. Dept. Mines and Tech. Surveys, 
Mines Branch, Tech. Bull. T B-12; from Nuel. 
Sci. Abs., 1960, 14, April 30, 974) Testa were 
performed to label steel balls with radioactive 
iron for investigations on the life and wear of 
the balls under operating conditions in grind- 
ing circuits. The method of introduction of the 
tracer and the monitoring procedure are dis- 
cussed in detail.—c.F.c 

On the question of the anti-abrasive proper- 
ties of suiphur-containing pig iron A. 1D. 
Ushakov (Lit. Proizv., 1960, (10), 41-43) The 
results presented confirm the relativ ely high 
quality of the friction surface of specimens 
from sulphur-containing pig iron. Roughness 
indices are better than ir conventional pig 
iron. 

Stresses revealed in many colours Tatnal! 
Measuring Systems Co. (Metalw. Prod., 1960, 
104, Aug. 24, 49-51) A plastic which reveals 
strain levels as a rainbow strain pattern under- 
lies a new approach to stress analysis. A thin 
strip of double-refractory plastic, cemented to 
(or coated on) the part under load, produces 
the coloured strain pattern when viewed under 
polarized light. Stress can be calculated from 
strain measurements—which can be measured 
within 20-40 micro-in per in. The direction of 
the principal strains shows up separately as a 
black pattern. The theory is mathematically 
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presented and illustrations of the application 
of the technique, with details of seven types of 
ay ew are given.—8. H.-8. 


mili. innovations 3. 


Kfarechall Archiv. fiir Technisches Messen, 
Lieferung 383, V91 191-3, 1959, Aug., 161- 
164) Mobile crack detection equipment, indi- 
cator fluid, and magnetic field development 
with Hall probes are discussed with examples. 
enn influence of oxidation and ~p grew o 
parasitic ferro-magnetism a-Fe 
Tasaki, K. Siratori, and 8. lida (J. Phys. ‘Soc. 
Japan, 1960, 16, Aug., +. 
netic anisotropy of cobalt —_ 
measured ferromagnetic resonance 
Sugiura (J. Phys. Soc. Japan, 1960, 15, — = 
1461-1468). 
On the effect of heat treatment in a netic 
field on netic properties of iron aluminium 
M. Sugihara (J. Phys. Soc. Japan, 15, 


alloys 
Aug., 1456-1460). 

The most ate composition for the 
MT permanent magnet (for industrial uses) 5. 
Miyata and N. Makino (Nippon Kinzoku, 1959, 
23, Dec., 704-708) Fe-Al-C alloy may be used 
for equipment such as watt-hour meters or 
small de motors. During melting, segregation, 
and oxidation of the alloying Al must be 
attended to. The optimum composition is in 
the range (8-15 +40-25)%Al, (1:99+0-03)%C. 
Si must be kept below 0-20. Optimum con- 
ditions for green sand casting are given. 

The design of laboratory magnets and their 
application to metall studies H. Lange 
and R. Kohlhaas (Ber. Arbeitsgemein. Ferro- 
magnetismus, 1958, 9-15) The design of mag- 
nets of high field-strength is discussed and a 
number of recently built magnets are des- 
eribed; both of electric and permanent types. 
A shielded magnet, the poles of which were 
provided with holes, was used for the non- 
destructive testing of tubes, the other magnets 
were used for application to magnetic balances. 

of in ferromagnetics H. E. 
Schmidt (Ber. Arbeitagemein. Ferromagnetia- 
mus, 1958, 16-18) The author reviews the 
phenomena involved in the measurement of 
the Hall effect in ferromagnetics. The theories 
of the magnetic extraordinary Hall effect are 
touched upon and the difficulties experienced 
in the determination of the Hall coefficient are 
briefly indicated (22 refs).—t. a. 

The anisotropy of the Hall effect of ferro- 
magnetics W. Jellinghaus and M. P. de Andres 
(Ber. Arbeitsgemein, tages gaming 1958, 
19-20) The effect of the angle between direc- 
tion of current and easy magnetization on the 
Hall coefficient was determined on two ferrous 
alloys with pronounced texture, i.e. 3°%,Si iron 
and 50:50 Ni-iron. It was also found that the 
Hall coeflicient suffers a small decrease if the 
test tyY are stressed elastically. —rT.a. 

On the interpretation of the magnetic — 
effect in iron-silicon alloys at high tem 
tures H. D. Dietze oe Arbeitagemein. — 
magnetismus, 1958, 21-32) The anomaly of the 
initial permeability of Fe Si alloys above 300°C 
is attributed to diffusion of vacancies into the 
domain walls. The activation energy of the 
suggested process was determined and agrees 
well with that for self-diffusion in pure iron 
(23 refs).—7. a. 

The effect of plastic deformation on the mag- 

of ferromagnetic crystals |. 
Kneller (Ber. Arbeitsgemein. Ferromagnetis- 
mus, 1958, 33-42) The author reviews the 
possible effects of plastic deformation on the 
magnetic properties of magnetic crystals. 
Plastic deformation always affects the hyster- 
esis properties of the crystals, and in many 
cases the crystal properties also. The various 
erystal types are classified with respect to the 
effect of plastic deformation on their magnetic 
behaviour. Order—disorder and the effect of 
non-magnetic inclusions are also discussed 
(43 refs).-17.4. 
cobalt heh behaviour and grain size of iron and 
nL! dispersed in mercury: The transi- 
ferro netism and ‘super- 
paramagn netism’ E. Vogt, W. Henning, and A. 
n (Ber. Arbeitsgemein. Ferromagnetismus, 
1958, 43-47) Measurement on freshly prepared 
iron amalgam at temp. between 85° and 290°K 
shows a large increase in initial permeability 
with decreasing temp. This is attributed to 


secondary aggregate formation existing in 
amalgams owing to strong magnetic coupling 
between primary single-domain particles. The 
effect observed is in agreement with theory 
(16 refs).—-1.c. 


The magnetic ue moment of randomly 
oriented single and of preterred oriented 
textures of iron-silicon alloys H. E. Mébius 


(Ber. Arbeitsgemein. Ferromagnetismus, 1958, 
48-55) The harmonie coefficients of the torque 
moments of randomly oriented single crystals 
and of textures with preferred orientation of 
Si-Fe were calculated. Comparison of results 
obtained by X-ray analysis and by torque- 
moment measurement shows fair agreement. 

The mechanism of the magnetic anisotropy of 
cold worked iron nickel copper manent- 
magnet alloys K. Schiiler (Ber. Arbeitsgemein. 
Ferromagnetiamus, 1958, 56-60) Magnetic 
torque and rotational hysteresis of an Fe—Ni 
Cu permanent-magnet alloy containing Cu 60 
and Fe and Ni 20% each were measured as a 
function of the degree of cold work by rolling. 
The effect is attributed mainly to the shape 
anisotropy of ty ge Fe-—Ni particles. 

P.. of the coercive force in iron- 
pe crystals and in cold-rolled, grain- 
orlented transformer sheet E. 
Biedermann (Ber ae Arbeitsgemein. F erromagnet- 
ismus, 1958, 66-—70) It was found that the 
coercive force H, of iron—silicon single crystals 
is not a well-defined function of the orientation 
of the field in the crystal lattice. H, depends 
markedly on shape and size of the test piece as 
was found on cold-rolled, grain-oriented speci- 
mens.-—T.G. 

Theory of the stability of the magnetic states 
in — netics during the magnetization 
process i Kondorsky (Ber. Arbeitagemein. 
Perromagnetionue, 1958, 71-73) The condi- 
tions are discussed which determine the 
stability of the magnetic states in a ferro- 
magnetic single crystal during its elastic 
deformation.—tT.«. 

Principles of calculation of permanent- 
magnet adhesion systems E. Schwabe (Ber. 
Arbeitsgemein. Ferromagnetismum, 1958, 74 
80) The calculation of permanent-magnet 
systems for magnetic adhesion differs from that 
used in electrical engineering as |B,H} max 
should be as high as possible, this can be 
obtained with magnetic materials which have 
an extremely high coercive force, although 
(BH) max. need not be very high. B, is the 
optimum magnetization measured on the 
permanent magnetization curve.—T.G. 

Discontinuities in the reversible permeability 
of 50:50 nickel-iron alloy with cube texture 
F. Assmus (Ber. Arbeitsgemein. Ferromagnet- 
ismus, 1958, 108-110) Measurement of the 
reversible permeability of a 50:50 iron—nickel 
alloy with cube texture showed a high degree 
of variation of the initial ac permeability. The 
results are discussed and the causes for this 
variation are suggested.—T.«G. 

Deterioration of the ae 2 ea 
(spoiling) of the tungsten m F-233 J 
Terraga Martorell and J. got de 
Castro y Mosquera (Inst. ‘Miave Acero, 1959, 
12, Jan.-March, 46-64; April-June, 122-135; 
1960, 13, Jan.-March, 320-337; April—June, 
625-657) [In Spanish) This four part paper 
describes the study of the phenomenon of 
magnetic spoiling in a tungsten magnet steel 
(0-60-0-70°%C, 0-15-0-30% Si, 0-20-0-40% Mn, 
5-50-6-50°W, P<0-04%, S<—0-04°%). The 
first part is concerned with a discussion of the 
‘e-C-W system, a review of the literature and 
a@ statement of the methods of investigation 
proposed. These methods are discussed in 
detail in the second part and the equipment 
used to study the magnetic, metallographic, 
and structural properties of the test-pieces is 
described. A complete specimen schedule is 
provided. Further discussion of the experi- 
mental technique is given in the third part and 
graphs showing the variation in magnetic 
properties with heat-treatment condition are 
included and described. The fourth part 
reports the results of the metallographic and 
X-ray studies and discusses the findings. 
Spoiling is due to the presence of WC in the 
material, which makes it more difficult to 
dissolve C and W in the matrix during austen- 
itizing than it would be if the mixed carbides, 
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Fe,W,C or Fe,,W,C, had been present. Thus 
the degree of distortion of the structure caused 
by quenching is less. If the steel is austenitized 
at ~1 250°C, enough W and C are dissolved to 
obviate the effect so that a spoiled steel can 
recover its properties. WC is not easily formed 
during heat-treatment, and once eliminated 
little spoiling is likely to occur, but it is formed 
easily and in large quantities during rolling 
and forging. This suggests that during plastic 
deformation under these conditions the (111) 
pe of the austenite transform to z_ 
——— basal planes of WC (63 refs).- 
netization curves of some alia 
ent-m ee ngs sn alloys R. Raidl (Ber. 
Ferr qnetismus, 1958, 132- 
isa) The aaannetiietion curves of the alloys 
Alni 120, Alnico 160, 180K, 400K, and 500 are 
presented. The curves were obtained after the 
permanent magnetic state was stabilized 

New progress in workable iron-nickel- 
chromium permanent-magnet alloys G. Rass- 
mann and ©. Henkel (Ber. Arbeitsgemein. 
Ferromagnetismus, 1958, 120-126) A consider- 
able magnetic hardness can be obtained in 
initially non-magnetic metastable austenitic 
Fe-Ni-Cr alloys of composition iron 64-78, 
Ni and Cr 8-22% each, by repeated formation 
of a ferritie magnetic phase as a result of 
plastic deformation. The mechanism and its 
theory are discussed in detail. An alloy con- 
taining Ni 15-2, Cr 12, and C 0:28%, balance 
Fe, showed in the form of a wire 0-05 mm dia a 
(BH) max. of 2-55 x 10® gauss. Oe.—1. a. 

Measurements of optimum domain widths in 
silicon-iron R. Carey (Proc. Phys. Soc., 1960, 
76, Oct. 1, 567-569). 

Magnetic properties of ferrosilicon powder 
K. Schmeiser, K. Uhle, and K. Frank (Z. 
Erzberg. Metalth., 1960, 13, Oct., 477-488) The 
float-sink process, good magnetic suscepti- 
bility, and low remanence of the Fe-Si are 
required. Susceptibility decreases with increas- 
ing Si content; using appropriate magnetic 
separators, Fe-Si up to about 30%S8i may be 
employed. Remanence showed a similar trend. 
Carbon content showed no noticeable effect on 
susceptibility, but affected remanence. The 
grain size of the Fe—Si affected susceptibility as 
well as remanence. The effects of both sus- 
ceptibility and remanence on its use in the 
flotation process are discussed and methods 
are described for the determination of the 
magnetic condition of the Fe—Si in the various 
phases of flotation. The rating of the magnetic 
separator and the demagnetization coil are 
considered. —T.G. 

The determination of the Curie point of iron 
nickel alloys A. Szombatfalvy (Koh. Lapok, 
1960, 93, March, 124-129) The coefficient of 
thermal expansion of various Fe-—Ni alloys 
with about 43°,Ni changes rapidly around the 
Curie temp. The author determined this temp. 
from the change of permeability and found 
that an increasing Ni content increases, but an 
increasing Si or Mn content decreases the 
Curie temp.—-P.K. 

Magnetic quantitative carbide analysis y 
carbon steels B. G. Permyakov and N. 
Be!ous (Fiz. Met. Meta'lov., 1960, 10, (2), 317 7- 
320) Magnetic quantitative analysis can play 
an important role in the study of the nature 
and properties of the carbide phase in low heat 
tempering, but the formulae given by Kagan 
and Bronin (ibid., 1959, 8, 535) are subject to 
substantial errors which vitiate their conclu- 
sions. The article examines these errors in 
detail. 

The magnetic behaviour of single crystals in 
the superlattice range Fe, Al H. Gengnage! ( Ber. 
Arbeitagemein. Ferromagnetiamus, 1958, 127 
131) The magnetic behaviour of iron-(3-16%) 
Al alloys is caused mainly by precipitates 
which mask the effect of a superlattice com- 
pletely. Microanalysis showed that the pre- 
cipitate consists of iron carbide or Fe—Al ecar- 
bide. Precipitation can, however, be sup- 
pressed by heat-treatment and single-crystal 
frames [100] show square loops after such heat- 
treatment.——T.«G. 

The effect of ring shims on the homogeneity 
of the field in y netic systems having a large 
air gap ©. mann (Ber. Arbeitsgemein. 
A. th Blea 1958, 81-83) The field was 
measured in a variety of magnetic systems as @ 
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function of the shape of the ring shim and the 
width of the air gap. The results obtained are 
resented graphically. A relation was estab- 
ished between the shape of the shims and the 
homogeneity of the field for a given air gap. 
Some special features of the distribution of 
texture in cold rolied transformer steel (total 
reduction 92°) I. P. Kudryavtsey (Fiz. Met. 
Metallov., 1960, 10, 29-36) The existence of a 
line of equal intensity of the reflected X-rays 
pointed out by Moller and Stéblein (Arch. 
Eisenh, 1958, 377), made it possible to calcu- 
late the function of the distribution of the 
grain orientation in steel for a given diffusion 
and to find the average intensity of the mean 
free energy in the textured material. 


a ic any and annealing in mag- 
netic :T the magnetic viscosity due 
to solute atom pairs G. Biorcei, A. Ferro, and G. 
Montalenti (A FP PSR-TN-60-193; PB 145861, 
1959, Nov., pp.104; from US Res. Rep., 1960, 
34, July 15, 76) A study of the diffusion vis 
cosity due to rotation of couples of solute 
atoms in alloys. A_ relationship between 
annealing of alloys in a magnetic field and 
magnetic after-effect was established, and the 
theory tests on Fe-Si and Fe-—Al alloys of 
various compositions.—-s.H.-8, 

Search for methods of increasing the mag- 
netic properties of high coercive magnetic 
alloys N. G. Shul’ga (/zvest. Akad. Nauk.. 
Otdel. Tekhn., Met. Toplivo, 1960, (1), 127-133) 
A considerable increase in the magnetic 
properties of the various alloys may be 
achieved by different alternatives of heat- 
treatment, by additions of small quantities of 
Co or other metals etc. The article deals with 
the Fe-Al-Ni alloys with small additions of 
Si, Ti, and Co. 

Studies on the eddy-current anomaly \. 
Zehler (Ber. Arbeitsgemein. Ferromagnetismus, 
1958, 61-65) The frequency dependence of the 
net loss in grain-oriented silicon—iron sheet was 
determined and the difference between the 
extrapolated loss at the frequency zero and the 
statically determined loss was attributed to the 
magnetic stray field as a result of free poles on 
the surface of the test piece (17 refs).—-T.a. 

Thermoelectric sd nee of chromium steels 
after different treatments I. A. Kuznetsoy 
(Fiz. Met. Metallov., 1960, 10, (2), 191-199) 
The investigation aimed at studying the 
thermoelectric, electric, and magnetic proper- 
ties of Cr steels as dependent on structure and 
mechanical properties so as to follow the pro- 
cesses taking place during tempering. The data 
obtained show that there are great differences 
in these properties after annealing, quenching, 
and tempering. Temp. has the same character- 
istics as magnetic saturation and may be used 
to control the amount of residual austenite. 

Industrial ultrasonics A. Dixon (/ron Steel 
Eng., 1960, 37, July, 107-112) Applications to 
joining, cleaning, machining, and cutting of 
metals, and to inspection and non-destructive 
testing are described. 

Ultrasonic gauge inspects integral machined 
parts (Metalw. Prod., 1960, 104, Aug. 10, 53 
54) The use of an ultrasonic gauge to overcome 
increasing difficulties of thickness measure- 
ment from one face in complex structural 
design in the aircraft, oil, and nuclear engin- 
eering fields is described, with an example 
taken from the use of the Dawe Visigage at 
Vickers-Armstrong (Aircraft) Ltd’s Swindon 
works. High speed and accuracy are claimed 
on both solid and fabricated surfaces, with the 
additional advantage of operation as a search 
ing flaw detector.— s8.H.-8. 

The theory of the di: ion of X-rays by 
domain structure V. M. Danilenko (Fiz. Met. 


: Metallov., 1960, 10, (1), 3-8) The characteristic 


feature of structure domains is the rapid 
change of certain crystal properties in the 
transition from one phase to the next while the 
other properties remain unchanged. These 
structure domains may be revealed by their 
effect on the diffraction of any type of rays, 
The intensity of the dispersion of X-rays by 
these structure domains may be calculated in a 
general form from the known geometrical 
position of the domain boundaries. The nature 
of a domain structure shows itself only by the 
intensity of the normal reflections against the 
diffusion background and not by the position 


and shape of the normal reflections. A periodic 
domain structure however, reflects the X-rays 
not only at the Bragg angle but also in other 
directions. The destruction of periodicity 
results in a widening of the reflections. 

X-ray examination of the density of the 
defects of the crystalline lattice of low-carbon 
steel during quenching and tempering L. 1. 
Mirkin (Fiz. Met. Metallov., 1960, 10, (2), 312- 
313) Curves are constructed for the changes 
in the density of the flaws in the crystal lattice 
p10 cm*/em® against the tempering temp. 
200°, 400°, and 600°, after quenching from 920°, 
1000°, 1100°, and 1200°, All four curves are 
approxunately similar in shape but the density 
varies in each. To elucidate the mechanism of 
the growth in this density, further investiga- 
tions are needed. 

Multielement analysis expedited by X-ray 
gauge (Steel, 1960, 147, Aug. 22, 89) An X-ray 
emission gauge (XEG), developed at the X-ray 
Dept. General Electric Co., Milwaukee, which 
sunultaneously checks the presence and 
amounts of five elements with a reference (or 
six without a reference) from Al upwards in the 
periodic table and can be used with solids, 
liquids, slurries, wet or dry powders, and 
sheets, is presented, Innumerable applications 
are claimed.—s.H.-8. 

The Curie point of «-hexagonal iron carbide 
M. Wintenberger, J. Pomey, P. Lesage, and A, 
Diament (Compt. Rend., 1960, 251, Sept. 19, 
1220-1222) The range of stability in Si steels 
was also observed, 

Geometric dependence of magnetic anoso- 
tropy in thin iron films T. G. Knorr and RK. W. 
Hoffman (AECU-3877, 1958, Sept., pp.68; 
from Nucl, Sci. Abs., 13, Feb. 28, 280) Calcula 
tions of the magnetic anisotropy expected in a 
film with a fibre axis structure and an aniso- 
tropic tensile stress in the place of the film 
agree with the experimental observations for 
those films which show only rotational switch- 
ing. Anisotropies of 3x 10* ergs/em*® were 
observed in iron films about 350 A thick. 

The stabilizing field strength of the (mag- 
netic) after-effect at high temperatures in iron 
silicon G. Hellbardt (Techn. Mitt. Krupp, 1960, 
18, Aug., 25-28) The field strength at temp. 
above 500°C was measured with an oscillo 
graph. Agreement with the theory according 
to Dietze was obtained for low induction: for 
induction above 9000 G the resulta are in 
contradiction to this theory, apparently due 
to grain boundary relaxation. 

Relation between structural and magnetic 
parameters of the transition metals F. M. 
Gal'perin (Zhurnal Exp. Teoret. Fiz., 1959, 36, 
(4), 1212-1223) The relations between struc 
tural parameters (lattice type, interatornic 
distances, co-ordination number, ete.) are 
considered in respect to the magnetic para- 
meters (atomic magnetic moment, Curie 
points, and Curie constant) for the pure transi 
tion metals Cr, Mn, Fe, Co, Ni, as well as for a 
number of their ferromagnetic ordered alloys 
and compounds. Semi-empirical quantitative 
relations expressing this connexion are de 


duced. With the help of these relations and of 


the available data on crystal and electronic 
structures, magnetic parameters are computed 
which are in good agreement with experi- 
mental data. 

Polarization of cobalt and iron nuclei in 
ferromagnetic substances 6. N. Samoilov, 
V. V. Skivarevskii, and E. P. Stepanov (Zhur. 
Exp. teoret. Fiz., 1959, 36, 1366-1367) The 
anisotropy of the y-radiation of Co in a 
magnetized Co—Fe alloy was measured between 
0-03 and 0-1°K and the magnetic field strength 
of the Co nucleus was found to be H=2-5« 
105G. No y-ray anisotropy was found in the 
5?Fe nucleus of Armco iron cooled to 0-02°K. 

On the elongated single-domain iron magnet 
and its magnets properties T. Kawaguchi, M. 
Nagakura, T. Yamaguchi, and I. Tanabe 
(Nippon Kinzoku, 1959, 23, July, 429-432) The 
magnetic properties are strongly affected by 
the conen. of FeSO, and H* in electrolytic 
soln. and the heat-treatment of the electro- 
deposited powder. They depend on the packing 
factor, which is influenced by heat-treatment, 
and are discussed in terms of the Jacobs— 
Beans model (15 refs).—x.8.J. 


ning head inspects rod surface 
Bm Roller Bearing Co. (Steel, 1960, 147, 
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July 25, 122-123) A new method, called Eddy 
Current Rototesting, giving a 100% electro- 
magnetic inspection, both surface and section, 
of cold heading stock for roller bearings is 
described.—-8. H.-8. 

Choice of frequency for eddy-current tube 
testing F. R. Bareham (Brit. J. Appl. Phys., 
1960, 11, June, 218-222) Eddy-current testing 
may be used to detect faults in metal tubes by 
passing the tube through a pair of short 
solenoidal coils energized by ac. The decrease 
in density of the induced eddy-currents from 
the centre surface is determined by the fre- 
quency of the energizing current and by the 
electrical properties and dimensions of the 
tube. Since the eddy-currents tlow in a circum- 
ferential direction, their distribution is not, as 
was often assumed in the past, the same as 
when current flows in the direction of the axis. 
Distribution of eddy-currents flowing cireum- 
ferentially is given in general terms for non- 
magnetic tubes, and the results can be used in 
conjunction with a nomogram to determine 
suitable frequencies for many practical 
applications.8.H.-8. 

Electrochemical probe measurements on 
metal surtaces and their use for the detection of 
structural inhomogeneities ©. Iisechner-Gensch 
(Techn. Mitt. Krupp, 1960, 18, Aug., 29-36) 
The theoretical principles of potential distribu- 
tion measurement in front of a phase boundary 
are examined, and the application of the 
potential probe te the investigation of the 
structure of welded joints is described (20 refa), 

On the detection of plastic deformation by 
ultrasonic waves A. Takaoki (Nippon Kinzoku, 
1959, 23, June, 325-329) Change of attenua- 
tion by magnetization in plastically deformed 
steel was measured at 5 Mc/s. A clear difference 
was observed between specimens deformed 
plastically and elastically near the yield point. 
The method can be used for non-destructive 
inspection of yielding of steel, and can be 
applied to steel showing no clear yield point. 

Practical exam of the ultrasonic testi 
of cast iron specimens 1k. Kasschaert (fon 
Belge, 1960, 30, Oct., 259-262) Nodular and 
lamellar graphite iron specimens were tested. 
The influence of certain factors such as the 
state of the contact surface, the graphite con- 
tent, and the distribution of the graphite are 
considered. The detection of conventional 
foundry defects is demonstrated and the 
evaluation of their importance is discussed. It 
is concluded that the interpretation of results 
using only ultrasonic testing can be hazardous 
and that this method should only be used for 
preliminary investigation reserving X- or 
gamma-rays for doubtful pieces. 

The effect of the degree of deformation on the 
echoes of forgings made from high-alloy heat- 
resisting steels and alloys M. Ya. Dzugutov, 
Yu. V. Vinogradov, and V. P. Stepanov 
(Kuznechno-Shtamp., 1960, (3), 10-13) The 
effectiveness of the ultrasonic method of 
detecting defects can be limited if ‘false’ defect 
impulses are received, These are connected 
with the degree of deformation during forging 
and the author gives a method for determining 
this. The method of ultrasonic control is 
explained, and results obtained with various 
steels and alloys and the effect of heat-treat- 
ment are discussed. 

Ultrasonic tests on circumferential tube 
welding M. Robba and C. Fatigati (Riv. 
Saldatura, 1960, 12, July-Aug., 165-173) The 
authors compare results obtained using radio- 
graphic and ultrasonic methods. They find 
that there is a large measure of agreement 
between the results of both tests, that ultra- 
sonic methods are extremely sensitive to bi- 
dimensional defects (cracks, melting defects, 
ete.) even when radiographic methods are not 
successful in locating them and that ultrasonic 
methods are much quicker than radiographic 
methods. A combination of ultrasonic and 
radiographic methods achieves substantial 
saving in testing costs. 


E. Macherauch and P. 
Miller (Arch. Eisenh., 1960, 31, Sept., 555-561) 
Experiments to investigate the relationship 
between the formation of residual stresses and 
the degree of plastic deformation were carried 
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out on test pieces of 25CrMo4 steel, a method 
for the use of Mo-radiation for the radiographic 
stress measurements being developed. It was 
shown that a biaxial stress condition was 
developed, mainly of type 1, increasing in the 
direction of the bar axis with increasing 
deformation. The results are discussed in the 
light of other published work (32 refs). 
Reduced exposure time for industrial radio- 


—_— methods ©. Renius and K. A. Polk 
(A D-207216, 1958, Nov., pp.23; from Nucl. 
Sei. Abs., 1960, 14, June 30, 1478) The varia- 
tion in intensity and spectral distribution of 
radiation emitted from the focal spot of a 
1000 kVp resonant transformer X-ray source 
unit was determined, as measured across the 
surface of the focal spot. Effects introduced by 
filtration, utilized in reducing the focal spot 
to film distance, were measured.—s. H.-8. 
More jobs sought for fluoroscopy W. R. 
Hampe (Steel, 1960, 147, July 11, 110-111) 
The advantages of fluoroscopy as against 
X-ray inspection are indicated and four fields 
for its application; heater cells, Al castings, 
spark-plugs, and turbine blades, are suggested. 
ment for comparing electron diffrac- 
tion patterns with one another and with Debye- 
Scherrer photographs H. Kudielka and H. 
Rohde (Arch. Eisenh., 1960, 31, Aug., 503-507) 
The comparison and discussion of the results 
of the two types of photographs are facilitated 
by the production of rotation-symmetrical 
copies. Examples are discussed. 


aun —— of X-ray absorption discontinuities 
structure of some Fe Ni 


pe bombarded with neutrons D. Bally and 
L. Benes (A/CON F.15/P/1293, pp.8; from 
Nuel. Sei. Abs., 1959, 13, April 30, 908) [In 


French] The equipment and technique used 
are described. Fe, Ni, and three Ni-Fe alloys 
with 85, 78, and 50%Ni were studied. After 
treating for 4h at 1 000°C, some of the samples 
were immersed in water, the others being 
cooled slowly to room temp., and all were 
subjected to various neutron bombardments 
from a reactor. The results are reported. 
X-ray x. analyses materials without 
iw (Iron Age, 1960, 186, Aug. 4, 
110-111) Multi-element analysis of materials 
in steady flow is claimed by a gauge which 
checks the presence and amount of up to five 
elements with a reference, or six elements 
without a reference. Called XEG and develop- 
ed at the General Electric X-Ray Dept., 
Milwaukee, a wide range of uses for it in a 
variety of industries is suggested.—-s. H.- 8. 
Metallurgical applications of electron probe 
analysis B.S. Wittry (OOR Rept. 1920, 1-Met; 
PB 145724, 1959, Dec., pp.21; from US Res. 
Rep., 1960, 34, July 15, 76) An interim tech- 
nical report no.6 on design and development of 
an electronic X-ray probe for the study of 
alloys and the structure of metals. The con- 
centration distribution of Cr in chromized iron, 
Widmanstatten structure in meteoric iron and 
non-ferrous topics are considered.— 
PR pa eee te he investiga- 
processes N. Bogdan- 
= ao P. L. Gruzin LAICONF. 15/P/2218, 
pp.17; from Nwel. Sci. Abs., 1959, 13, April, 30 
913) [In Russian] **P, “Ir, ®Fe, Cr, and 
“Co were used to investigate the stirring of 
steel in ladles and OH furnaces. Results are 
applied to the determination of the time neves- 
sary for the uniform distribution of el 


This paper deals with the effect of a neutron 
field on the characteristic temp. of Armco iron 
and electrolytic conper. Under doses of fast 
neutrons up to 1-4 x 10! H/em?®, the charac- 
teristic temp. of Armco iron does not change. 
With copper, a certain decrease in this temp. is 
noticed between doses of 0-70 10 and 
1-4 x 10! Hjem? but these values lie just within 
the margin of error. 

investigation of irradiated uranium stainless 
steel diffusion couples K. Weil, R. Wager, and 


S. H. Paine (CF-53-3-276 (Pt.II) (Del), 
pp-439-443; from Nucl. Sci. Abs., 1960, 14, 
Aug. 15, 1911) A study of the interdiffusion 


between U and possible cladding materials. A 
number of tests on diffusion between normal U 
and type 347 stainless steel] without irradiation 
were made. Diffusion couples of normal U and 
stainless steel were irradiated in the CP-3 
heavy-water reactor at ANL at a flux of 
~4 10!2, The investigation then proceeded 
with couples composed of 93%, enriched U and 
stainless steel that were permitted to diffuse 
without irradiation in a flux of 4 10!2, No 
increase in diffusion as a result of irradiation 
was observed in U-stainless steel — at 
thermal fluxes up to 4 x 10!2.—-s.H. 

Engineering studies wr! radiation damage » 
structural materials 1. Leeser and W. F. 
Murphy (C F-53-3-276 (Pelt) (Del), pp.337 

357; from Nucl. Sci. Abs., 1960, 14, Aug. 15, 
1910) Irradiation tests on plain-carbon and 
stainless steels indicate that softer materials 
show greater hardening due to irradiation than 
harder materials, radiation damage is not a 
direct function of carbon content, the effects 
of irradiation are preserved at room temp. but 
can be reduced to a minimum by part-irradia- 
tion heat treatment, and the effects of irradia- 
tion proceed at a decreasing rate and probably 
approach a limit well below the fully embrittled 
conditions.— 8. H.-8. 

Betatron installed in Swiss foundry J. Grind- 
rod (Foundry, 1960, 88, Aug., 116, 121) Steel 
castings up to 20 in thick can be radiographed 
by a betatron installation at George Fischer 
Ltd, Schaffhausen, Switzerland. The equip- 
“ is described.——s. H.-s. 

measurement of the scatterin 
of a n ordered Fe, Al Y. Komura, Y. 
and R. Nathans (./. } 
Aug., 1434-1439). 

French metallurgical Fe ge carried 
out with the help of radioactive elements A. 
Kohn (Publ. IRSID, 1960, Series B, (44), 
pp.24; reprint from Acta Electronica, 1959, 3, 
July—Oct., 253-276) [In French} An intro- 
ductory section on the conditions under which 
radioisotopes are used in metallurgy, and the 
techniques employed, is followed by an account 
of several applications, i.e. study of segrega- 
tion; grain boundary phenomena; measure- 
ment of diffusion coefficients; study of various 
physical or physico-chemical processes; and 
examples of the study of industria! processes 
(45 refs). 


factor 
omiie, 
*hys. Soc. Japan, 1960, 15, 


Determination of the tu m content of 
alloy steels by means of -gamma back- 

ng J. Fodor (A/CONF.15/P/2241, 
pp.14; from Nucl. Sci. Abs., 1959, 13, April 30, 
914) The spectrum of the electromagnetic 
radiation reflected by W steel after its release 
by the f-radiation of Tl was measured by a 
scintillation counter. Above 4%W, the method 

tt the accuracy of chemical analysis. 





through the bath. 
of the redistribution of 

metal alloys and weld joints by sttoradiograhy 
and radiometry B. I. Deak A. 8. Zav 
and G.I. Ka a (A/CON F..15/ P/2236, pp. 29: 
from Nucl. i. Abs., 1959, 13, April 30, 913) 
The distribution of © impurities in Fe alloys 
and the distribution of Cr, Mn, Ni, Mo, Si, W, 
and P (by differences in the bonding forces of 
these elements with C atoms) were studied by 
means of 4C, 

investigating the effect of fast neutrons on 
the c res of iron and 
owe Sh. Sh. Ibragimov, A. G. Karmilov, and 

. 8. Lyashenko ( Fiz. Met. Metallov., 1960, 10, 
(2), 316-318) The characteristic Debye temp. 
of metallic materials is an important physical 
constant and the study of its changes under 
the action of a fast neutron field may be useful 
in elucidating the radiation flaws in crystals. 
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a of the high ure 
Ae HS88 — steel Rot 
molybdenum, tungsten, a4 
boron, cobalt, aluminium, and nitrogen V. W. 
Whitmer, 8S. W. Poole, and R. C. Griffin (PB 
146285, 1954, Feb., pp.37; from US Res. Rep., 
1960, 34, July 15, 76) A study of the effect of 
composition modifications on notch toughness 
of a base analysis containing 11-14%Cr and 
13-17% Ni (HS888), with results of tests. 

Design and materials as affected by elevated 
temperatures D. R. Adolphson (SC 7 M-225- 
58 (16), 1958, Aug., pp.32; from Nuel. Sci. 
Abs., 1958, 12, Nov. 30, 2043) A discussion of 
the influence of elevated temp. on structural 
design and on mechanical and physical —— 
ties of metallic materials is presented. 
materials are those which are commercially 
applicable for structural use up to 1200°F 
including Al, Mg alloys, ferrous alloys, alloy 
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steels, stainless steels, age-hardened stainless 
steels, and Ti alloys.—R.s.F.c. 

Investigation of high temperature properties 
of 13 Cr-15 Ni austenitic steel cont ning Mo, 
W, Tiand B RK. R. MacFarlane, E. E. Reynolds, 
and W. W. Dyrkacz (A D-23435, PB 138451, 
1953, Oct., pp.30; from US Res. Kep., 1959, 31, 
May 15, 353) A steel with 12-5%Cr, 15°,Ni, 
2%Mo, 04%W, 0-5%Ti, 0-10°%B, and 
0-06°,C was found to have outstanding stress- 
rupture properties in the range | 200°—1 500°F, 
and good room temp. tensile properties, after 
hot—cold working. 

Deformation and fracture of metais at 
elevated temperatures. Final technical report 
for the period January 1 1957 to September 30 
1958 A. R. Chaudhuri and W. J. Grant 
(AECU-3883, pp.15; from US Res. Rep., 1959, 
31, May 15, 376) No abstract. 

Some elevated temperature properties of pre- 
cipitation hardenabie iron aluminium alloys 
W.J. Buehler and C. G. Dalrymple (VA VORD 
rept. 6728; PB 161543, 1960, Jan., pp.19; from 
US Res. Rep., PB 161543, 1960, 34, July 15, 
78) The effects of Ti and Ti-C on some of the 
elevated temp. properties of the binary Fe—Al 
alloys were ae and results with data are 
reported. 8.H. 


Studies of neat-resistant alloys A. P. Coldren 


and J. E. White (WADC Techn. rep., 59-606; 
PB 161667, 1960, Feb., pp.108; from US Res. 
Rep., PB 161667, 1960, 34, July 15, 78) 


Results of an investigation to show the effect 
of hot-working on the structure and properties 
of heat-resistant alloys are reported.—s.H.-8. 
Thermodynamic properties of carbides at 
high temperatures S. Fujishiro and N. A. 
Gokcen (AECU 9396, 1959, Sept., pp.8; from 
Nuel. Sci. Abs., 1959, 13, Dec. 31, 2995) 
Equilibrium vapour pressures of the carbides 
of Ti, Zn, U, and Cr are determined by means 
of graphite Knudsen effusion cells. The weight 
of effusate is determined by weighing. Experi- 
mental data are given for TiC at 2482°K. 
Study of a vacuum dilatometer with elec- 
tronic amplification P. Grégoire, L. Espagno, 
P. Azou, and P. Bastien (Met. Corr. Ind., 1960, 
35, Sept., 344-348) A dilatometer is described 
which will operate up to 1450°C, with amplifi- 
cation coefficients on a scale between 100 and 
10000,—s. H.- 8. 
Carbon_titanium boron steel evaluation for 
Pg we ely service J. Salvaggi (CAL- 
. B—-1023-M-23, 1955, Oct. to 1957, Aug., 
pp.34; from Nucl. Sci. Abs., 1960, 14, May 15, 
1108) The effects of variation in chemical com- 
position upon additions of B and Ti on tensile 
and impact properties at room temp., and the 
creep and eres re properties at 950°- 
2000°F of a low-carbon steel for boiler tubes, 
were evaluated. Short time properties varied 
over the range tested, decreasing with time, 
and the long-time properties are about the 
same for high and low ends of the range. 
Differences in heat-treatment had a much 
more pronounced effect on properties. Solution 
temp. of 2000°F and higher are required for 
development of optimum strengths. Some 
room temp. impact resistance is sacrificed in 
poems high strength values at elevated 


-—8.H.-S. 
igh temperature heat contents of some 
bi iron alloys W. B. Kendall, R. L. Orr, 
and R. Hultgren (A FOS R-TN-59-524, A D- 
216258; PB 143672, 1959, July, pp.16; from 
US Gov. Res. Rep., 1960, 33, Feb. 12, 193) 
Measurements of heat capacities of ferroalloys 
at elevated temp 
On the mechanisms of volume self-diffusion 
in «-Fe and y-Fe C. J. Meechan (NAA-SR- 
4806, 1960, April, pp.10; from US Res. Rep., 
1960, 34, July 15, 106) No abstract.—s.H.-s. 
Thermal diffusivity of iron. Part |. A gener- 
ator for ucing sinusoidal temperatures 
H. W. Flieger jun. and D. C. Ginnings 
(WADO-T R-59-276 (Pt.I), 1959, July 7, 
pp-12; from Nuel. Sci. Abs., 1960, 14, July 31, 
1778) Using sine potentiometers, sinusoidal 
temp. waves were obtained with distortions 
comparable with the inaccuracies of the sine 
potentiometers. The system using pulse time 
modulation has the advantage that (1) a 
simple relay is used to turn on and off a fixed 
current, (2) and additional fixed power can be 
added to the sinusoidal power without produc- 
ing distortion, and (3) the generator can be 
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used easily with servo control either to im- 
prove wave form or to introduce known dis- 
tortion.—-R.8.1.C. 

Self-diftusion of a-iron in a large 
temperature W. G. Brammer (Acta 
Met., 1960, 8, Sept., 630-6: 36) Experimental 
re eults of an attempt to measure the thermal 
gradient self-diffusion in iron are given. The 
model of thermal gradient self-diffusion is 
described and discussed and se — experi- 
ments are suggested (28 refs).—s.H. 

The thermal diffusion of carbon in a- and 
y-iron P. Shewmon (Acta Met., 1960, 8, Sept., 
605-611) The heats of transport, Q*, for carbon 
in « and y iron have been accurately measured 
for the first time. A radioactive tracer tech- 
nique gave the following values. Q*c (x) 
—24+1-5 keal at 700°C, Q*e (y) ranged from 
—keal to zero in going from 0-02°%C to 
0-32%C at approximately 940°C. A kinetic 
treatment due to Wirtz explains the data for 
Q*c (a) if it is assumed that all of the activa- 
tion energy for carbon diffusion goes into pre- 
paring the lattice around the site the atom 
jumps into. From this satisfactory explanation 
of Q* it would appear that studying the effect 
of a temp. gradient, in other simple diffusion 
systems would give information on the spatial 
distribution of the activation energy which is 
required before an atom can change position 
(24 refs).—s.H.-8. 

The action of pee on the diffusion of iron in 
austenitic steels V. Levitin (Fiz. Met. 
Metallov., 1960, 18, (2), 294-297) The action of 
boron on the diffusion coefficient of iron in 
austenitic steels is studied. The method con- 
sists essentially of selecting the theoretical 
curve corresponding to the experimentally 
obtained relation of I/I, to y/2b, where I/I, 
is the ratio of the radioactivity of the specimen 
after the removal of a layer of thickness y, to 
the initial radioactivity, and 2b is the grain 
size. These theoretical curves are calculated 
for different parameters of diffusion. 

Effect of hydrostatic pressure on all sides on 
the diffusion parameters of the titanium-iron 
alloys S. D. Gertsriken and M. P. Pryanish- 
nikov (Fiz. Met. Metallov., 1960, 10, (2), 297- 
299) The experimental findings show that 
pressure exerts its test effect on the rate of 
diffusion at 950°. With an increase in the pres- 
sure curve log D=f (p), the intensification of 
the process tends to saturation. On the other 
hand the pressure effect on the diffusion rate 
decreases with increasing temp. Thus at 950° 
the value is 7-4 — at 1 200° it is 1-63. 

a practical method for measur- 
iF, ditusion of hydrogen through mild 
steel sheet P. E. Lagasse and L. Lilet (Rev. 
Mé&. Mém. Sci., 1960, 57, Oct., 729-740) 
Recent tests on the diffusion ‘of H, in sheet are 
noted and a method is described" which gives 
accurate and reproducible values for H, per- 
meability, and can be applied to large speci- 
mens. The method, based on a technique des- 
cribed by Chu (Sheet Met. Ind., 1958, 35, Aug., 
585-588) in which two specimens of about 
50 em are placed at the ends of a horizontal 
tube forming an electrolytic cell. An anode is 
placed between the cathode specimens, behind 
which are placed cells for collecting and 
measuring the — passing through the 
specimen walls (22 


H permeation metals, al 
Py my at elevated y+ Cc 


om and J. M. Williams (Corrosion, “ees, 
16, Sept., 430t-432t) The authors have deter- 
mined the permeation rates of H, through 
stainless steel and Fe-Cr—Al alloy at temp. up 
to 2150°F. The effect of surface oxidation on 
the permeation rate is Panes ~ - 
Measurements on the 
gen from Me = H,0 
steel and aluminium F. aaron w. on 
Egmond, and H. M. J. Kinderdijk (Appl. Sct. 
Res., 1960, 8B, (4), 378-386) [In English} 
Tubes 1 mm thick were used at a range of 
temp. and pressures. Permeation through 
stainless aed was much lower than through 
ordinary steel. Results on Al were indefinite. 
The effects of carbon and o on the 
surface tension of liquid iron Wan Sin-tan, 
R. A. Karasev, and A. Sere gre te 
Akad. Nauk. Otdel. Tekhn., Met. Toplivo, 1960, 
(1), 30-35; also see Bergakademie, 1960, 12, 


Sept., 501-503) {In German] The surface ten- 
sion of liquid iron at 1550°C is 1865 dynes/em 
and the temperature coefficient ds/dt is 
—0-49 dyne/em degree. At 1550° carbon has 
an appreciable effect on surface tension, thus 
an increase in C concentration from 0-002 to 
4-15% lowers it to 1788 dynes/em. Oxygen is 
highly surface-active and appreciably reduces 
surface tension (in concentrations from 0-001 
to 0-184% it reduces it to 1056 dynes/em). Its 
adsorption amounts to 23-4 10-*° moles/em* 
for concentrations of about 0-05%,. 


An effect of i urity atoms in the mart 4 
relationship of (100) and (110) surfaces in hig 
purity silicon iron J. L. Walter and C. G. Dunn 
(Acta Met., 1960, 8, Aug., 497-503) Oxygen 
atoms may, under proper conditions, via the 
atmosphere used during annealing, effect a 
change in the direction of migration of grain 
boundaries in high ‘evted 3%8i iron. In 
vacuum, at pressures below 5x 10-4 mm, the 
energy of the (110) surface is less than that of 
the (100) surface, but in impure argon (low 
point —70°F) the energy of the (100) surface is 
less than the energy of the (110) surface, at 
1 200°C. The effect of the oxygen is to lower the 
energy of the (100) surface more than that of 
the (110) surface, The high density plane, (110), 
is not always the plane of lowest surface 
energy .—S. H.-S. 

Effect of eer on stability of micro- 
cracks in iron and steel F. Garofalo, Y. T. 
Chou, and V. Ambegaokar (Acta Met., 1960, 
8, Aug., 504-512) The results of an analysis of 
the effect of internal pressure resulting from 
a presence of occluded H, in stability and 

ropagation of ‘Stroh’ or ‘Cottrell’ cracks, first 
a the absence and secondly in the presence of 
an external stress, are presented, together with 
an analysis of the stability of such a crack in 
the absence of H,, but with an imposed 
external stress. For steel with a medium grain 
size, appreciable H, embrittlement should be 
found with as little as 2 em’ of H,/100 g of iron 
(2 ppm) (27 refs).—s.H.-s. 

The absorption and effusion of hydrogen in 
a-iron D. C. Carmichael, J. R. Hornaday, A. E. 
Morris, and N. A. Parlee (Trans. Met. Soc. 
AIME, 1960, 218, Oct., 826-832) Calculations 
based on measurements with a Sieverts type of 
apparatus indicated that rates of absorption 
and diffusion were influenced by certain sur- 
face impurities. Thin oxide films lower the 

ek ar diffusivity of annealed iron appreci- 
a 5% cold worked iron annealed at 430°C 
has almost the same solubility and diffusivity 
as annealed iron (20 refs). 

The role of stress in hydrogen induced 
delayed failure E. A. Steigerwald, F. W. 
Schaller, and A. R. Troiano (T'rans. Met. Soc. 
AIME, 1960, 218, Oct., 832-841) The initia- 
tion of localized cracking in H,-charged SEA- 
AISI-4340 steel was shown to be a function of 
a critical H,-concentration and was relatively 
insensitive to the magnitude of applied stress. 
An assumed distribution law was used to pre- 
dict observed changes in the lower critical 
stress as a function of notch sharpness, yield 
strength, and temp. (24 refs). 

Solubility of in liquid iron and iron 
— Ss ere cent 

of carbon, silicon, and manganese on the 

seruniity 8 S. Mackawa and Y. Nakagawa (Tetsu 
to Hagane, 1960, 46, July, 748-753) Solubilities 
of N, in liquid Fe and Fe-C, Fe- 7 and Fe-Mn 
alloys were measured at 1500°-1700°C. 
Sievert’s law is followed in the range 95- 
760 mm. Equations are given for the solubility 
of N, in pure liquid Fe, and for the effects of C, 
Si, and Mn on the activity coeff. of nitrogen 
(14 refs).—x.B.J. 

influence of boron on the content 
of steel R. Suarez Acosta (Inst. Hierro Acero, 
1960, 13, July-Sept., 778-790) The effect of 
boron on hydrogen diffusivity and micro- 
structure has been studied with the object of 
improving the analytical technique. Boron has 
the effect of retaining hydrogen and making 
diffusivity more difficult as well as increasing 
the tendency to form martensite during 
quenching. The diffusivity effect is found to be 
comparable with that of nickel. The addition 
of dry borax in the ladle to Al-killed carbon 
steel is reco ed in order to reduce 
hydrogen losses during sampling. Although 
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diffusion is more difficult, the analytical 
results are reproducible.—P.s. 

Effect of aluminium on mechanical 
ties of cast steel (Denki Seiko, 1960, 31, ch, 
83-95) [In Japanese }.—xK.£.5 

Tube and pipe, corro- 
sion ng steel, seamiess and , radio- 
active system service (M/L-T 1806, 3A, 
(SHIPS), Sy 58, April, pp.17; from Nuwel, Sei. 
Abs., 1959, 13, Nov. 30, 2706) Specifications 
are prese a sd for seamless and welded austen- 
itic steel tubes and pipes intended for radioac- 
tive system service, where general corrosive 
conditions require corrosion—resisting materi- 
als. 

ualities and structures in steels and metals. 
Influence of the geometric factor in qualitative 
and quantitative determinations (i. Arregui 
(Met. Elect., 1960, 24, Sept., 117-122) A review, 
covering the problem of quality and the rela- 
tionship of nature and form in the grainless 
components of structures; groups and families 
of five Spanish construction steels (classified); 
quality in the working of steels; alloyed steels 
and metals; transformations of structure and 
the metallurgical problem of temper; and 
further metallurgical problems on the subject 
of temper.—8. H.-8. 
trends in the metal science of 
special steels in recent years H. Briefs (7'etsu to 
Hagane, 1960, 46, June, 701-710) A review. 

New ultra high strength steels (/ron Steel, 
1960, 33, June, 338) This note briefly describes 
a new series of ultra high strength steels for use 
at high temp. developed by Samuel Fox and 
Co. Ltd. A development scheme at the same 
company for the expansion of blooming mill 
capacity and existing billet mill buildings. 
Ingot steel production will increase from 
400000 to 500000 t. 

High tension steel wirc of low carbon content 
H. Nakamura (Bull. JSME, 1960, 3, Aug., 
305-311) An investigation of the effect of temp. 
and speed of heating and cooling upon the 
mechanical properties of a low carbon steel 
wire is described.—-s, H.-8. 

Fine and special steels (Met. Hlect., 1960, 24, 
Sept., 134) A brief summary, with a reference 
to French and South American production. 

Stainiess steels and alloys J. Bourrat (Corros. 
et Anticorros., 1960, 8, Sept., 293-303) A 
review of the principal types of stainless steel 
and special ‘allo oys on @ mokel base, with the 
object of solving a number of problems posed 
by corrosion in the chemical industry. In four 
sections, covering steel corrosion in the chem- 
ical industry. In four sections, covering steel 
18/10 Mo; stainless austenitic-ferritic steels; 

igh-alloy austenitic steels and nickel-base 

joys. The alloys in the last category are given 
special attention owing to their resistance to 
corrosion in sulphuric and concentrated 
hydrochloric acids at high temp.—s. #.-8. 

High-boron steels J. Hochmann and A. 
Desestret (A/CON F.15/P/1272, 18; from 
Nuel. Sci, Abs., 1959, 13, April 5D, 908) [In 
French] The fabrication techniques used for 
steels containing 1-2%B are described, their 
mechanical properties, particularly impact 
strength, reported, and the ibility of 
fabricating 4°,B steels exami > 

Columbium- boron steel T. V. 
Cherian (Symposium on Iron and Steel Indus- 
try in India, 1959, Feb., 426-434) Experi ta 
with «4 series of melts with varying and B 
contents and other nat additions are des- 
cribed and the of the steels rted. 
It is concluded that Mt NDB bainitic steels have 
exceptional mechanical properties. Economic- 
ally the steel is superior to Mo—B, due to the 
much smaller amount of Nb required com- 
pared with Mo (17 refs). 

Boron stainiess steel alloys L. B. Prus, E’8. 
Byron, and J. F. Thompson (Nuclear Sci. and 
Eng., 1958, 4, Sept., 415-428; from Nucl. Soi. 
Abs., 1959, 13, Jan. 15, 29) Several B stainless 
steels with 0-2-3 wt-%B were examined for 
— use as a reactor control material. 

abrication and properties are described. 
chromiu 


Romy fp ry, 
ry and G. J. Guarnieri, (K A~797—M-7, 
9049, 1953, tort .62; from US Rea. 

joe 1959, 31, Ma 5, 563) A Additions of Ti, 
B, v, Zr, N, and as made to 18-8 steels 
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with and without Mo, and the 100-h rupture 
life evaluated at 1500°F. Significant increases 
in hot strength were obtained, particularly 
with the additions of Ti and/or B (19 refs). 


case-hardening steel to replace 


chromium nickel, chromium molybdenum and 


Bass 


also 18HGT case-hardening steels V. 
(Met. si Constr. Masini, 1960, 12, (4), 2 
Composition of the 30 HGT 
0-33%,C, 0-80-1-10°,Mn, 1-00 1-30°%Cr, 0-08 

0-15°,Ti, 8 and P, each max. 0-04°%,. Critical 
points Ac, 735, Ac, 790. This steel can be 
easily machined (milled and turned) and is not 
sensitive to overheating. Owing to its high 
earbon content and to its high hardenability, a 
high hardness in the core may be obtained by 
direct hardening at from 780°- 800 , thus ensur- 
ing @ minimum of residual austenite and also 
the smallest possible deformation. 

——- study on the Mo V low alloy 

-resisting steel K. Deguchi and H. Naka- 
jima (T'etau to Hagane, 1960, 46, July, 762-769) 
Results are given for the effects of adding Cr, 
Ni, Mo, V, Si, and Mn to 0-15°,C, 0-8°,,Mo, 
0:3°V steel in S-curves, carbides, as-quenched 
hardness, impact value, tensile amet and 
creep-Trupture properties. — K.E.. 

Study on leaded tree-cutting steels. itl. On 
the properties of some leaded steels (Lenk: 
Seiko, 1960, 31, March, 74-82) Mechanical, 
hardness, and notch ductility properties are 
given for S845C, S45CF, SCM22, SCM22F, 
S50C, SS50CF, SCr4, SCr4F, and SAKI146 
steels. K.E.J. 

Study on nickel-free and low-nickel Cr Mn 
Ni austenitic valve steel. 11. On the effect of 
adding nickel or manganese and decreasing 
silicon content on 22Cr 8Nn_N steel (Denk:- 
Seiko, 1960, 31, Jan., 23-34) {In Japanese }. 

Co-operative stee! research in Great Britain: 
the British Iron and Steel Research Association, 
London 1D. U. Hunt (Materialpriifung, 1960, 2, 
Oct. 20, 404-407) [In English} The origin and 
organization of BISRA are outlined, and its 
various activities reviewed. 

L’IRSID: institut de Recherches de la 
Siderurgie Francaise ©. Crussard (Material 
Priifung, 1960, 2, Oct. 20, 408-412) [In French} 
The origin and development of IRSID are 








outlined, and an account is given of some 
current investigations. 
The role of the National Metallurgical 


Laboratory in ferrous metallurgical research 
and development in india B. R. Nijhawan 
Tron and Steel Industry in 
Feb., 62-70) Some of the more 
described. These 
work on the beneficiation of iron ores, 
reducibility of 


(Sym poasrum on 
India, 1959, 
important investigations are 
inelude: 
laboratory studies on sintering, 
Salem magnetite ore, direct reduction of iron 
ore to usable steel, production of ferroalloys, 
LD semi-pilot plant investigations, and the 
low-shaft pilot plant furnace project 


METALLOGRAPHY 


The non-uniformity of the solid solutions in 
the initial stages of ageing of iron alloys 
B. G. Livshits (Fiz. Met. Metallor., 1960, 10, 
2), 272 284) Experimental data are given and 
the K-state in and saturated 
solid solutions on an iron basis is discussed (the 
K-state is the condition prior to segregation in 
the two-phase alloys containing small quanti 
ties of the secondary phase). The theory is 
advanced that this K-state to the 
structural state of the super-saturated solu 
that these 


non-saturated 


is similar 


zones may also form in non- 
saturated solutions and that they are not the 
suclei of the segregating phases. It is also 
suggested that the K-state in non-saturated 
solutions does not form during the low-temp. 
ageing of supersaturated solutions. In this case 
the so-called ‘cold ageing’ does not occur 

Colour metaliography of ferrous alloys and 
its applications to iron and steel making A. 
Seortecc: (Symposvum on Tron and Steel 
Industry in India, 1959, Feb., 354-356) The 
technique is outlined, and its applications 
listed 

Electron microscope investigations of the 
dent transition from ductile 
to cleavage fracture on notch- -impact test- 
pieces W. Dienst (Materialpriifung. 1960, 2, 
Oct. 20, 382-392) The proportions of local 
ductile and cleavage fractures on the fracture 


tions, 








surface of unalloyed structural steels have 
been determined, and transition curves for the 
temp.-dependent distribution of ductile and 
cleavage fractures established (10 refs). 

The structure of white cast iron M. Hillert 
and H. Steinhiuser (Jernkont. Ann., 1960, 144, 
(7), 520-559) [In English} A microscopical 
investigation of the solidification process, 
formation of eutectic structure, and the growth 
of cementite and austenite (14 refs). 

Procedure for revealing the structure of heat- 
resistant alloys with the electron micr 

». BE. Levin and S. Mel’nikova (Zave 
Lab., 1960, (6), 730-732) A few etching oo 
tions are given for use with heat-resistant 
alloys on a nickel base, with high nickel alloys 
on an iron base and with chromium stainless 
steels. The method of etching here explained 
has made it possible to establish a relation 
between the average particle size and the dura- 
tion of ageing for alloys on a nickel base; also 
between the rate of particle growth and the 
changes occurring im the time interval to 
failure in long-term fatigue strength tests. The 
lacquer replicas, after the action of some of 
these etching solutions, are sufficiently accur 
ate to assess on the electron microscope the 
density of particles per unit area of micro- 
section and the variation in the number of 
particles per unit volume during long-term 
tests. 

Procedure for revealing dislocations in trans- 
former steels .. G. Krivonosova (Zavods. Lab., 
1960, (6), 725-728) In contrast to the method 
of Suits and Low (Acta Met., 1957, 5, (5) ) who 
maintained that in order to reveal dislocations 
it is necessary to stain therm with carbon in a 
proportion of not less than 0-004°,. The pro- 
cess of staining is carried out by artificial 
ageing of deformed specimens at 150°-160°) the 
present method makes use of the composition 
of the electrolyte (as shown by Dunn and 
Hibbard, Acta Met., 1955, (3), 1956 (4) ), with- 
out recourse to staining and uses the normal 
etching conditions for transformer steel con- 
taining 0-01%C and 3°,Si with 0-1°,Mn. The 
cathode for electrolytic polishing and etching 
is of stainless steel and the anode specimens 
are rotated at 100 rpm. A description of the 
operation and photomicrographs are given. 

On the potentiostatic etching of the metalio- 
graphic structure of stainless a N. Ito and 
G. Okamoto (Nippon Kinzoku, 1960, 24, (2), 
109-113) With 18:12 Cr-Ni-Mo-Si duplex cast 
steel, the effect of applied potential during 
etching in H,SO,+ NH,SCN is to produce con 
ditions for selective etching or differentiation 
of various phases, e.g. 8, y’, y, and ¢. Optimum 
conditions for each are described.-—K.B.J. 

Non-destructive testing of micro- macy 
Il. Mester (Koh. Lapok, 1960, 93, 3-77) The 
non-destructive testing method dese sribed con 

grinding, electrolytic and 
etching, and micro-examination of a spot of 

2-4 mm diameter and a few hundredths mm in 
depth or a machined or filed metal surface. 
Patented, portable, semi-automatic equipment 
is used for the test: and the necessary time for 
the complete preparation and micro-examina 
tion of a test-spot is about 2 min.— P.K. 

A portable equipment for non-destructive 
micro-examination EK. Fuchs (Koh. Lapok, 
1960, 93, Feb., 79-82) The patented, portable, 
semi-automatic equipment mentioned in the 





sists of polishing, 


above paper comprises three units, each 
22 em « 22 em « 35 ecm and 6-8 kg in weight. 


parts for 
second includes the 


The first unit contains the grinding 
the test spot, the electro 
lytic polishing and etching apparatus, and the 
third holds the suitable for up to 
< 600 magnification. By attaching a miniature 
reflex camera with interchangeable objectives 
to the micrographs can also be 
taken.—P.K. 

On the carbide reactions, secondary harden- 
ing and volume 7 occurring in the fourth 
stage of tempering of alloy steels I. Sato, H. 
Kaneko, and T. Nishizawa (J. Austral. Inat. 
Met., 1960, §, Aug., 123-130) The authors have 
earried out X-ray and chemical analyses of 
earbides isolated electrolytically from various 
alloy steels tempered at 400° 730°C, and have 
studied the volume change during tempering 
by a differential dilatation test. The correla- 
tion of the carbide reactions and the volume 


microscope 


microscope, 
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change occurring in the fourth stage of tem 
pering is considered.—«G.F. 

A chiorine ure treatment as a second 
stage in isolating oxide inclusions in steels D. 
Blazejak-Ditges (Radex-Rundschau, 1960, (5), 
Oct., 257-261) Based on the method of 
Klinger and Koch and of Koch and Gautsch a 
modification of the process of chlorinating the 
residues from steel electrolysis is developed. In 
this modification no vacuum plant is required 
as the Cl, is used under pressure up to 7 atm 
The advantages offered by this modification 
are discussed and results obtained are listed in 
tables. The differences in O, level obtained by 
the two processes are not greater than 
1 x 10-3%.—1. a. 

Study on austenitic high manganese steels. 
1. On carbide precipitation by heating of solu- 
tion-treated high-manganese steel Y. [mai and 
T. Saito (Tetsu to Hagane, 1960, 46, June, 665 
673) Hadfield steel pptd. primary ‘carbide iso- 
thermally in accordance with a C-curve with 
nose at ~650°-700°C, and secondary pearlitic 
constituent with a C-curve with nose at ~600°. 
In continuous heating, boundary carbides, 
platelet carbides, and pearlitic constituents 
were pptd. at 500°-600°C. The characteristics of 
the precipitates are described. Mechanical 
properties are reduced by heating 
350°C, when platelet carbide precipitation 
begins (18 refs).—-K.E.4. 

Determining the degree of contamination of 
ShKh15 steel by non-metallic inclusions V. A. 
Kudrin, Yu. M. Mechkin, E. I. Tyurin, and 
E. V. Abrosimov (Zavods. Lab., 1960, (6), 732 
733) The principle of this analysis is to make a 
comparison between the results obtained by 
metallographic and by electrolytic analyses 
Results have shown the existence of a direct 
relation between the findings of these two 
methods. 

Investigation of non-metallic inclusions con- 
stituting sand marks by an electron-diffraction 





above 


reflexion method K. Marita and K. Mori 
(Tetsu to Hagane, 1960, 46, July, 757-762 
Mixed-type sand-marks in Cr-Mo steel de 


oxidized with Al contain corundum and her 
eynite. Sand-marks in 18:8 stainless steel con 
taining Ti and Mo contain TiN (14 refs) 

An — of the test methods used ef 
non-metallic inclusions in the steel Ck22 H. . 
Eckstein and K. Schneider (Neue Hiitte, 
5, Oct., 607-617) The authors 
known test methods for quality 
steels, including ultrasonic methods, 
test etc., with emphasis on the effect of non 
metallic inclusions on the test results. It is 
poimted out that the producer and the con- 
sumer will apply different tests and that no 


aon 
review the 
testing of 
a cupping 


correlation exists between macroscopic and 
MmAcTOscopic inclusion size with the total 
amount of the inclusions in a stee! (18 refs). 


The carbide constituents in iron carbon 


silicon alloys J. G. Humphreys and W. 8 
Owen (JJS/, 1961, 198, May, 36-43) [This 
issue |. 


Effects of applied tensile stress and com- 
pressive stress in cooling of steels on the 
amount of retained austenite I. Hagiwara, 8 
Kanazawa, and 1 Kumada (Nippon Kin 
zoku, 1959, 23, Dee., 735-739) In hig 
yr 1s increased by tensile and decreased by 
contrary to the view that 
the martensite transformation is promoted by 
shear stress. Other results show that the grade 
of stabilization of austenite is little affected by 
deformation but mainly by the itself 
during cooling (11 refs).—-K.B.3. 

The crystallography of martensite trans- 
formations J. K. Mackenzie (./. Austral. Inst 
Vet., 1960, 5, Aug., 90-105) A martensite 
transformation is distinguished crystallo 
graphically from other similar transformations 
by an accompanying change of shape and other 
purely geometrical properties. The author 
critically reviews present-day knowledge of 
these geometric relations, and gives a complete 
but non-mathematical account of currently- 
accepted theory.—G.F. 

The kinetics of martensitic transformations 
D. G. Walker and D. W. Borland (J. Austral. 
Inst. Met., 1960, 5, Aug., 75-89) The authors 
review the kinetic aspects of martensitic trans- 
formations in steel and other alloy systems. Of 
the various theories advanced, they consider 
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that the kinetic model based on the existence 
of a barrier to the rapid growth of pre-existing 
martensitic embryos is in best agreement with 
experimental observations, but no fully satis 
factory explanation for the genesis of these 
embryos has yet been put forward.—«. r. 
investigations on the kinetics of martensite 
decomposition H. Blank (Forsch. Wirts. 
Nordrhein- Westfalen, 1960, (841), pp.33) Fe 
N-C martensite is annealed in temp. steps JT, 
and the martensite decomposition is repre 
sented in a T-Q diagram, where T is temp. and 
Q the amount precipitated or the calori 
metrically measured amount of heat. The 
implications of the patterns of the temp. pre 
cipitation curves are discussed (13 refs). 

Martensite transformation of carbon steel 
powders produced by electro-spark machining 
5S. Nagashima and Z. Nishiyama (Nippon 
Kinzoku, 1959, 23, Dec., 728-731) Particles of 
steel containing 0-9% and 1-4°%C produced in 
transformer oil or ethanol were ~0-01 y in dia. 
Debye- Scherrer photogaphs showed a strong 
er diffused pattern of austenite and a weaker 
one of martensite, compared with bulk steel 
This is attributed to the surface effect and the 
very rapid cooling from high temp. K.¥... 

Concerning the theory of nucleation during 
the martensite transformation A. L. Koitburd 
(Fiz. Met. Metallov., 1960, 10, (2), 161-168) In 
the analysis of phase transformation in the 
solid state, especially the transformations con 
nected with the reconstruction of the crystal 
lattice, the free energy of the system is to be 
considered as the starting point. The nuclei of 
the new phase depend not only on the amount 
and form of this energy but on internal struc 
ture. The opinion expressed in this paper on 
the causes of the incompleteness of the mar 
tensite transformation should be considered 
only as one of the many explanations possible, 
and requires further study. 

A ‘super elastic’ alloy based on the marten- 
site transformation W. A. Rachinger (/ 
Austral. Inst. Met., 1960, 5, Aug., 114-117) 
Elastic strains up to 4°, can be attained in a 
Cu-Al-Ni alloy in the form of a single crystal! 
suitably heat treated. The high elasticity is due 
to a reversible martensite transformation im 
duced by stressing.—G. F. 

ae aspects of the bainite trans- 
formation J . Bowle sand N ennon (./. 

Justral. ey Vet., 1960, §, Aug., 106-113 
The authors use the phenomenological theory 
of martensitic transformations to examine the 
hypothesis that the erystallographic features 
of bainite arise during the formation of a 
supersaturated ferrite. Stereographic methods 
are developed which permit the habit plane 
and orientation relationship to be determined 
for any proposed direction and plane of the 
second shear.—«. F. 

Phase diagram of iron cobalt sulphur m9 
tem N. G. Moleva, P. 8. Kusakin, E. 
Vetrenko, and N. P. Diev (Zhur. Neorg. ihévn , 
1958, 3, April, 90-4910; from Nuel. Sei. Abs., 
1958, 12, Nov. 15, 1936) A section of Co-Fe-S 
from quasibinary FeS—Co,S, was studied using 
thermal, dilatometric, specific gravity, micro 
hardness, and microstructure methods. Three 
surfaces of primary crystallization were 
revealed. The solubility of cobalt sulphides in 
sulphur-iron varies from 42-4° at the eutectic 
temp. to 24°5°%, at room temp. The solubility 
of FeS in C 0,583 does not change with temp. 
and equals 2°, »FeS. Phase diagrams of the 
Co—Fe—S systems and isotherms of the system 
liquidus are plotted.—c.¥r.c. 

Some regularities in appearance of meta- 
stable systems of Fe—-C and transition of these 
systems into stable state [. V. Salli (Zhur 
Neorg. Khim., 1958, 3, April, 924-933; from 
Nuel. Sci. Abs., 1958, 12, Nov., 15 1936) Phase 
transitions on steel and cast iron surfaces, 
during thermal treatment in a vacuum, the 
coalescence of dispersion carbides in steel, and 
en structures of Fe-C alloys were 
studied. F.C 

Phase relationships in the systems Fe-Pb 
Ni, Fe-Ni-C (sat.) and Fe-Pb-Ni-C; 1300° to 
1550°C K. O. Miller and J. F. E lliott (Trans 
Met. Soc. AIME, 1960, 218, Oct., 900-910) 
An account of an investigation of the effects of 
temp. and composition on the liquid misci- 
bility gap in these systems. In general the gap 


tends to close with increasing temp. and Ni 
addition. It is opened by C additions (12 refs). 
yw solubility of alloy elements in cementite 
A. Apaev, E. I. Levina, 8. N. Krasotskaya, 
a A. Il. Pave leva (Fiz. Met. Metallov., 1960, 
10, (2), 245-250) Independent of the nature of 
the alloy elements, their initial solubility in the 
portions of cementite first formed is very small 
and rather below the average concentration of 
the elements in the steel. The variations in the 
solubility of these elements with increasing 
temp. depend on their nature. The redistribu 
tion of carbon and of the alloy elements be- 
tween the a-solution and the carbides is deter 
mined finally by their property to dissolve in 
cementite. These processes with W, V, and Mo 
occur successively, i.e. when the carbon 
redistribution is complete the alloy elements 
begin the process. With Cr and Mn this order is 
maintained only for a given concentration. 
_Liquidus solidus relations in iron-rich iron 
niobium and iron molybdenum alloys W. 8. 
Gibson, J. R. Lee, and W. Hume-Rothery 
JISI, 1961, 198, May, 64-66) [This issue}. 
The solid solubility and constitution of 
yttrium in iron- 20 to 40/w/o chromium alloys 
M. 5S. Farkas and A. A. Bauer (BM1-1386, 
1959, Oct., pp.22; from US Gov. Res. Rep., 
1960, 33, Feb. 12, 225) No abstract. 
investigation of the constitutional diagram 
for iron chromium titanium alloys in the zones 
rich in iron and chromium N. G. Boriskina and 
I. I. Kornilov (Jzvest. Akad. Nauk, Otdel 
Tekhn. Met Toplivo, 1960, (1), 50-58) The 
portion of the diagram along the Fe-Cr side 
was studied and the hardness of the alloys 
between 1 000° and 550° investigated, A ternary 
compound Ti,Cr,Fe,, of the a-Mn type was 
revealed. At high temp, this combination 
forms in the solutions containing the «- and 
y-phases, which undergo dissociation at | 000 
and 550° with the formation of the TiFe, 
phase. The eutectic nature of the crystalliza 
tion of the TiFe 2 Cr allovs has been established 
in regions adjoining the Ti-Fe side. 








CORROSION 


Mechanisms by which ferrous metals corrode 
in the atmosphere ©. P. Larrabee (Corrosion, 
1959, 15, Oct., 516t-529t) The electrochemical 
theory of corrosion is used to explam the start 
of atmospheric corrosion on ferrous surfaces. 
rhe effect of contaminants is described and the 
part played by alloying elements in retarding 
atmos} heric corrosion is discussed G.F. 

The theory of atmospheric corrosion I. L. 
tosenfel’d (RTS.1338; Vsesoyuznoe Nauchno 
Tekhnicheskoe Soveshchanie po Korrozii Zash 
chite Metallov., 1958, May 19-24, (4), 24-38; 
from US Techn. Trans., 1960, 4, July 27, 118) 
No abstract. 

New theory re ey hydrogen for rust ©. A 
Gulbransen and T. P. Copan (Steel, 1960, 147, 
Aug. 1, 93) A acer that hydrogen ions or 
protons are the real causes of rust in iron 18 
presented S.H.-8, 

Are hydrogen ions the culprits that cause 
metal corrosion? (/ron Age, 1960, 186, Aug. 4, 
107-109) Based on work performed at the 
Westinghouse Research Laboratories, Pitts- 
burgh, a new explanation for the rusting of 
iron is claimed and cuiseussed with the aid of 
electron-diffraction analyses.— 8.H.-8. 

Mine waters cause grooving corrosion on 
welded steel piping F. P. A. Robinson (Corro- 
sion, 1960, 16, Sept., 32-34) The author des- 
cribes the grooving corrosion attack on welded 
steel pipe used as pumping colurnns in 8. 
African mines, and coneludes that it is due to 
residual stresses in the pipe. Preventive and 
control measures being used and tested are 
discussed .—G.PF. 

Stress, crevice, galvanic, and uniform corro- 
sion of austenitic stainless steels and carbon 
steel in high temperature boiler feed water: a 
literature review R. B. Richman (H W-54879, 
1958, Feb., pp.12; from US Res. Rep., 1959, 
31, May 15, 377) No abstract. 

Fire-side corrosion in oil-fired boilers. 1 
L. K. Rendle, R. D. Wilsdon, and G. Whitting- 
ham (Corros. Prev., 1960, 7, Aug., 42-45) Chem- 
ical descaling and metallographic examination 
are discussed. Tables of data, with special 
reference to V,0, in fuel and ash, and the 
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effects of dolomite injection are given. Numer- 
ous steels were tested. 

Stress corrosion cracking of austenitic 
Stainless steels in a concentrations of 
alkali and alkaline eart lorides 8. Berg and 
8S. Henrikson (Jernkont. Ann., 1960, 144, (5), 
392-396) {In English] The teste described 
showed a common threshold value for chloride 
ion concentrations valid for the steel examined 
(SIS 2332) in solutions of NaCl, LiCl, MgCl,, 
and CaCl, with uniaxial loading of 15 kg/mm? 
at 100°C and pH 6. 

Corrosion in the water supply industry M. A. 
Simmonds (J. Inst. Eng. Australia, 1960, 32, 
March, 57-64) Factors influencing corrosion 
are considered and sources of supply, trans- 
port, and plant fixtures are discussed and pro 
tection is reviewed. 

Loss in — carrying Le due to 
corrosion and tuberculation IT. bi. Larson (J. 
n. Water Works Aassoc., Ry 52, Oct., 1263 
1270) Seale and factors in ite deposition, 
tuberculation tests, and CaCO, stability are 

considered. 

Improved resistance of stainless steel weids 
to intergranular corrosion (3. G. Pocheptsova 
(Khimicheskoe Mashinostroenie, 1959, Nov. 
Dec., (6), 38-40) The drawbacks of additions of 
Ti or Nb to 18-8 stainless steel to improve 
prom ral and inte rgranular corrosion resistance; 
the benefits of heat treatment; the possibilities 
of obtaining welds resistant to intergranular 
corrosion by incorporating both austenite and 
ferrite forming elements, and a recommended 
electrode wire. 

Corrosion of steel in coke and by-product 
industry equipment b). V. Zotova (Koks Khim., 
1958, (8), 49-51; SLA 60-13670; PB 141309T, 
JPRS(NY)-L-402, 1958, Nov., pp.9; from 
US Tech. Trana., 1960, 3, June 24, 808) No 
abstract $.H 

Corrosion probiems in a refinery diethanol- 
amine system K. L.. Moore (Corrosion, 1960, 16, 
Oct., 503t-506t) The author describes various 
corrosion problems which have been encoun- 
tered in a large diethanolamine (DEA) system, 
including reboiler corrosion, rich DEA ecorro- 
810n, stress corrosior cracking, and corrosion 
erosion, Means of rainimizing the problems, 
and their effect on system operation, are 
discussed. G.F 

Corrosion experience associated with hydro- 
metallurgical refining of nickel at Sherritt 
Gordon Mines kt. 8. McIntosh (Corrosion, 1959, 
16, Oct., 547t-553t) The conclusions drawn 
regarding construction materials for the 
Sherritt Gordon Ammonia Leach process dur- 
ing pilot plant study in 1949-54, are compared 
with experience gained after four years of 
refinery operations Some corrosion experi 


s 





ences are described in more detail.— a. F. 

Corrosive effect of molten sodium borate 
glasses upon enamelling (ingot) iron >. G. 
Bennett and R..J. Beals (A F 7 R-6073; A7 2-67 
675, PB 137491, 1949, Aug., pp.10; from US 
Res. Rep., 1959, 31, May 15, 357-358) The 
corrosive action is seleetive and not directly 
related to Na,0 or B,O,, but always much less 
than without the glass covering. 

The internal corrosion of gas pipes and their 
protection J. Morlet (Corros. et Anticorros., 
1960, 8, Sept., 303-318) A review, prompted by 
the recent considerable developments of gas 
transportation on a national basis, with the 
object of determining causes of internal pipe 
corrosion, It examines in succession atmos- 
pheric corrosion consequent on storage of 
pipes and on the hydraulic tests to which they 
are submitted; corrosion in service, due to the 
action of oxygen in the case of purified coal 
gas, and also to the action of hydrogen in the 
case of partially purified natural gas. The roles 
of CO,, of steam, and of pressure are also sur- 
veyed. Methods of protection are suggested 
which give satisfactory results; including dry- 
ing of the gas, or if this is not possible, the use 
of suitable coatings, or different inhibitors. 

Cooling water inhibitor performance P. BR. 
Puckorius and W. J. Ryzner (Corrosion, 1960, 
16, Oct., 473t-478t) Laboratory and field teste 
with corrosion inhibitors in open recirculating 

cooling water systems show that rapid and 
complete film formation is required for maxi- 
mum effectiveness. The importance of initial 
high-level inhibitor treatment with low-level 
maintenance treatment is discussed.—a. F. 
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Value of corrosion protection on pipe line 
systems H. K. Phipps (Corrosion, 1960, 16, 
Aug., 9-10) The history of corrosion protection 
on pipelines is briefly reviewed and an indica- 
tion is given of the substantial saving brought 
about by the work of the corrosion nist stat pi 

protection of stainless steel ng 
wy titanium inserts: examination of titanium 
inserts removed from loop N after run N-24 
R. 8. Greeley (C F-60-3-156, 1960, March 31, 
pp-6; from Nucl. Sci. Abs., 1960, 14, Aug. 31, 
2018) No serious attack was observed but a 
slight absorption of H, by the Ti was indicated. 
With freer access to O, this did not occur and 
there was no reduction of uranyl or of magne- 
tite. 

Experiments on the prevention of pitting 
attack on cast iron propeliers by cat pro- 
tection K. 1. Higgins and H. H. Collins (Corros. 
Prev., 1960, 7, May, 41-48) Experiments 
suggest that a half shrouded propeller anode 
ean provide substantial protection against 
pitting attack provided that the rotating pro- 
peller shaft is not in good electrical contact 
with the hull. Evidence suggests that the use of 
soft gra nowt lubricated packing in the stern 
tube or bulk-head glands or the use of a metal- 
lic stern tube gland may encourage good elec- 
trical contact and steps must be taken to 
avoid this. 

nternal cathodic protection ©. Plumpton 
and ©. Wilson (Corros. Prev., 1960, 7, May, 
33-40) The cathodic protection of cylindrical 
boxes by using annular anodes is described. 
al and current distribution in cathodic 
m C. Wagner (Werks. 
Korros., 1960, 11, Nov., 673-680) Distribution 
of potential and current in local cells and with 
cathodic protection can be calculated from the 
differential equation for the electric field in an 
electrolyte. The relevant limiting conditions 
are formulated and the consequences discussed 
(16 refs). bette gebiuation fet tame 

10 years of cat in e 
water storage tanks H. M. Patton jun. (Corro- 
sion, 1960, 16, Aug., 12) The system used for 
10 years to control corrosion in large water 
storage tanks is described. The rectifiers and 
anodes used are discussed, and the advantages 
and economics of the cathodic system are 


outlined.— a siatien 

of Lacq Field well casi 
M. Estavoyer (Corrosion, 1960, 16, Aug., ry a 
19) Lacq Field in 8.W. France is a vast ‘anti- 
cline producing sour gas representing an im- 
portent source of energy. The author discusses 
some of the engineering and design a 
affecting the cathodic protection of the gas 
well casings.—G.¥F 

8u methods and practices for cathodic 

coordination D. T. Jones (Corrosion, 
1960, 16, Aug., 20-23) The author discusses 
the methods and practices —— a telephone 
company to coordinate its cathodic protection 
activities with other operators and owners of 
buried metallic sub-structures.—a. F. 

Effect of iron, aluminium and cadmium addi- 
tions on the performance of zinc anodes in sea 
water L. J. Waldron Pe M. H. Peterson 
(Corrosion, 1960, 16, 375t-379t) The 
authors have coaaied “the performance of 
hull-mounting zine anodes of varying purity in 
sea water. The results show that the per- 
formance is given when the zinc contains a 
maximum of 0-006%Fe and minimum con- 
tents of 0-025%Cd and 0-1 el ~G.¥. 

protection used 


Cathodic to control corrosion 

of service station underground equipment M. J. 
Olive (Corrosion, 1960, 16, One, " 15) The 
combination of cathodic protection and coat- 
ings has proved to be the most effective and 
economical way of preventing corrosion of 
service station underground equipment. The 
methods of determining corrosion probabilities 
are described, and the coatings suggested for 
service station use are discussed.—c. F. 

ic protection for metallic water tanks 
C. A. Bauer and L. C. Eddy (Corrosion, 1960, 
16, Aug., 390t—394t) The authors describe the 
practical and theoretical considerations in the 
cathodic protection of metallic water tanks 
The factors discussed include current distribu- 
tion on parallel anodes, jiveness, and 
resistivity of water, size, and spacing of anodes 
anode interference factor, and rectifier voltage 
and current requirements.—<. F. 


hodic of treatment 
plants F. ©. Waters (Corrosion, 1960, 16, Oct 
487t-490t) The author discusses problems 
encountered in the installation, testing and 
operation of cathodic protection for rapid sand 
and pressure type filters in water-treatment 
plants. ane ei operating experience is 
outlined.— 

Zine as P ‘salt-regulating galvanic anode for 
ship hulls J. A arson (Corrosion, 1960, 16, 
Oct., 491t-496t) The author presents the 
results of service trials with WO cemerved and 
alloyed zine hull anodes. It is shown that 
zinc anodes of suitable composition are cap- 
able of providing complete cathodic protection 
for ship hulls for extended periods in sea water. 

Corrosion protection with asbestos emulsions 
(Corros. Prev., 1960, 7, April, 43-45) Photo- 
graphs compare the corrosion of the outside of 
a cylindrical tank at the South Eastern Gas 
Board, after two years’ protection with (a) 
conventional painting and (b) a proprietary 
brand of black asbestos emulsion. The latter is 
still perfectly satisfactory. Methods of applica- 
tion are stated. 

Special corrosion resistant refractories R. W. 
Brown and H. G. Noble (Corrosion, 1959, 15, 
Oct., 92-98) The authors describe current 
applications of special refractories as substi- 
tutes for metals in conditions which call for 
resistance to corrosion in addition to abrasion, 
erosion, and high temp. The characteristics of 
these special refractories are discussed.—c.¥F. 


ANALYSIS 
activities of an iron and steel works 


chemical analysis P. Dickens (Stahl Eisen, 
1960, 80, Oct. 27, 1580-1587) This is a review 
of the progress made in chemical analysis 
during the last 100 years in iron and steel 
laboratories. The usefulness of such a depart- 
ment is stressed and a number of individual 
cases are quoted.—-T.G. 

Study on the method of taking a me 0 somate tus 

nation of oxygen in 
Maekawa and Y. Nakagawa (Symposium on 
Iron and Steel Industry in India, 1959, Feb., 
393-401) Various methods in use for sampling 
are assessed and compared, and an improved 
vacuum sampling method is described, and 
results reported (15 refs). 

A colorimetric method of estimation of trace 
iron K. Kapitanczyk, Z. Kurzawa, and Z. 
Pryminski (Chemia Analit., 1960, 5, (3), 413- 
417) The method of estimation of trace Fe in 
non-ferrous metals, effluents or water is based 
on measurement of the extinction of the red 
complex ion (FeN,)++ produced by addi 
sodium azide to a Fe- solution in HCl. Cu, Ni, 
Co, Bi, Sn, Ti, Pb, as well as citrates, fluorides, 
phosphates, and tartrates interfere. 

Chemical methods of determining sulphur in 
low alloy and carbon steels W. L. Miller (PB 
143905, 1951, Aug., pp.28; from US Gov. Res. 
Rep., 1960, 33, eb. 12, 193) A collaborative 
test of two methods carried out by seven naval 
laboratories showed a combustion-titration 
method to be superior. The method has been 
written in a form suitable as a standard 
method. 

1H chemists discover a new silicon control 
method W. H. Kieski and D. A. Shaw (Cast- 
ings, 1960, 6, March, 31-32) Solution of the 
finely-divided sample in Br,-HBr requires less 
bulk of reagent and so reduces time of evapora- 
tion. SiO, is weighed as usual. The time taken 
is 15 min.—J.w.J. 

A comparison of two methods of Si estima- 
tion in cast irons, steels etc. J. Kapko and 
Z. Majsak (Chemia Analit., 1960, 5, (3), 505- 
508) A rapid volumetric method described by 
F. Kordon (Arch. Hisenh., 1945, 65, (18), 139) 
devised originally for cast irons and steels and 
extended by I. Sajo (Acta Chim. Soc. Hungar. 
1955, 6, 243) to include ores and silicates has 
been compared with the gravimetric method 
and no discrepancy has been found. In the 
rapid volumetric method, silicic acid is first 
converted into K,SiF, and then by boiling free 
HF is liberated and titrated with n/35NaOH. 

a methods 


for the absorptiometric 
nation of iron in Zircaloy 2 (PK R-16 
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(S), 1959, Aug., pp.7; from Nucl. Sci. Abs., 
1960, 14, March 31, 660) After soln. in HF the 
F~ is complexed with boric acid, and Zr with 
NH, citrate, and Fe is then complexed with 
thioglycolic acid and determined absorptio- 
metrically in NH, soln. 

Anal method for the absorptiometric 
determination of iron in vanadium (PG R-10 
(S), 1959, pp.5; from Nucl. Sci. Abs., 1960, 14, 
March 31, 659) The sample is dissolved in aqua 
regia, reduced with NH,OH, the phenan- 
throline complex extracted with nitrobenzene 
and determined absorptiometrically. 

A specific spot test for iron K. L. Mallik and 
B. Sen (Anal. Chim. Acta, 1960, 23, Sept., 22/ 
226) Phenyl-a-pyridyl ketoxine gives a a8 
colour with ferrous ion. 

Determination of metal ions by means of 
TAA and EDTA. 11. Determination of iron 
G. C. Krijn, A. 8. Koster, and G. Den Boef 
(Anal. Chim. Acta, 1960, 23, Sept., 240-245) 
Thioacetamide as precipitating agent and 
EDTA as masking agent separate Fe from 
Groups II and IIL. Fe(OH), is then precipi- 
tated and determined spectrophotometrically. 

Photometric determination of chromium in 
steels and aluminium alloys W. D. Nordling 
(Chem. Anal., 1960, 49, Sept., 78-79, 88) 
EDTA is used after reducing Fe with ascorbic 
acid. 

Extraction of ————- (111) with 2-thenoyi- 
trifiluoroacetone: direct spectrophotometric de- 
termination in the ae phase S. K. Majum- 
dar and A. K. De (Anal. Chem., 1960, 32, Sept., 
1337-1339). 

Colorimetric determination of microgram 
= of cobait with the p-nitrophenyl- 

of diacetyimonoxime Hsi-hua Hu, 
~ ching Leu, Hsueh-tze Soong, and Ping- 
tsing Chu (Hua Hetieh Hetieh Pao, 1958, 24, 
255-257; from Nucl. Sci. Abs., 1960, 14, May, 
1206) A method employing ammonium ace- 
tate, together with alcohol, used to destroy the 
violet colour developed by the interaction 
between NH,OH and the reagent, which is 
both rapid and reproducible, is described. 

Separation of niobium, tantalum, titanium 
and zirconium from each other A. K. Majum- 
dar and A. K. Mukherjee (Anal. Chim. Acta, 
1960, 23, Sept., 246-247) Nb and Ta are separ- 
ated with pyrogallol and determined with N- 
benzoyl-N-phenylhydroxylamine, and Zr with 
salicylhydroxamic acid and Ti with Cupferron. 

Determination of tu and m um 
stern ree omens 
Scharf (Chem.-Anal., 1960, “ie, Sept., 68-69) A 
photometric method using EDTA is combined 
with a titrimetric method using 4-(2-pyridyl- 
azo)resorcinol and 1-(2-pyridylazo)-2-naphthol 
as indicators and titrating with lead nitrate. 
Mo is determined “ie cae by the photo- 
metric method. Ag, chromate, vanadate, 
and U(V1) interfere. 

Determination of trace amounts of tantalum 
in steel L. Kidman, C. L. Darwent, and G. 
White (Metallurgia, 1960, 62, Sept., 125-128, 
130) The coloured complex between pyrogallol 
and Ta is used to determine Ta absorptio- 
metrically after precipitation with Nb using 
Zr as carrier. Nb interference is prevented by 
pH control. 

Determination of small amounts of special 
elements in cast iron. IV. aphic deter- 
mination of bismuth in cast iron K. Ota (Nippon 
Kinzoku, 1959, 23, Dec., 708-712) The deter- 
mination is made in a mixed soln. of x-H 250 
and 0-1n-HCl. Sb, which interferes, is removed 
by volatilization with HBr. The preliminary 
separation is made in HNO, by co-pptn. with 
hydrous MnO,, Fe*+ being reduced to Fe*+ 
with hydrazine. The method is suitable for 
0: “Rapid deter Pn oie in cast iron (13 ~~ r K.E.J. 

R n iron, steel 
and ores ith potty ot 
oxalydihydrazone S. Mackawa and Y. Yone- 
yama (Nippon Kinzoku, 1959, 23, Nov., 
641-644) Cuprizone reacts selectively with Cu 
at pH 8-0-9-5, forming — lexes with max. 
absorbance near 600 m, e is masked with 
citric acid and Cr is oxi toed to Cr*, there is no 
interference. Ni and Co interfere, but with 
steels containing up to 0-5%Co and 10%Ni, 
the sample can be reduced and the amount of 
cuprizone increased. When Fe is present, the 
colour remains for 3-20 min.—«.£.J. 
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—— of the quantometer to the pro- 
du control in steelmaking (Denki-Sciko, 
1960, 31, Jan., 2-8) (In Japanese}.—x«.r.5. 

Determination of small amounts of special 
elements in cast iron. Vi. Spectrophotometric 
determination of zinc in cast iron with zincon 
K. Ota (Nippon Kinzoku, 1960, 24, (2), 82-85) 
The Zn-Zincon complex shows high absorb- 
ency at 615 my over the pH range 8-5-9-5, and 
is stable for at least 1 h. Preliminary separa- 
tion of Zn from large amounts of iron etc. is 
done with dithizone extraction. The method is 
suitable for 0-002—0-04% Zn in cast iron. 

A new method of rophotometric deter- 
mination of tin with alizarine biue. Application 
of this method for the estimation of tin in steel 
and non-ferrous alloys K. Hirokawa (Nippon 
Kinzoku, 1959, 23, Dee., 701-704) Sn** forms a 
coloured complex with alizarine blue in n- 
HC! soln.; this was extracted in cyclohexanone 
ethyl acetate soln., and had a max. absorption 
at 580 my. The determination is used for Sn in 
steel after H,S separation, and for 0-001 
0-1%8n in non-ferrous alloys after co-pptn. 
with MnO,. 

Determination of lead in leaded free-cutting 
steel by the fluorescent X-ray analyser (Denk. 
Seiko, 1960, 31, Jan., 9-13) [In Japanese}. 

Studies on analytical methods for trace ele- 
ments in metais using radioactive isotopes. 
Vill. Spect metric determination of 
tungsten, moly um and vanadium using an 
organic solvent-extraction method H. Amano 
(Nippon Kinzoku, 1960, 24, (2), 88-92) The 
elements are extracted using solvents. Mo and 
V are extracted into a CHCl, layer in the pres- 
ence of K xanthate; Mo is determined at 
550 mp and V at 375 my. W is then extracted 
by 2% oxine-CHCl, soln.; and is measured at 
400 mu. Ni, Fe, ete., which interfere, are re- 
moved using magnetic mercury cathode elec- 
trolysis (20 refs).—x.§.4. 

determination of 80,, 80, and H,8 in 
combustion gases K. Wickert (BWK, 1960, 12, 
Oct., 449-451) It was found that I/KI in iso- 
propyl! alcohol was unsuitable for determining 
SO, and SO, in a single sample. Two satis- 
factory (direct and difference) methods are 
described. In the direct method, H,5 is separ- 
ated and determined separately as CdS. 

Analysis of cyanide zinc baths A. Salka (Met. 
Fin., 1960, 58, May, 59-60) This note outlines 
a method of rapid determination of metal and 
total cyanide. Both zinc and cyanide contents 
are determined in the same solution and the 
method gives an accurate ratio between the 
cyanide and zinc as well as the total concentra- 
tions of each constitutent. 

Rapid determination of sulphur in basic slags 
y a combustion method 8. Mackawa and Y. 

oneyama (Tetsu to Hagane, 1960, 46, June, 
678-682) 8 in basic slag is better recovered by 
using O, in an hf induction apparatus than by 
using an electric resistance furnace. It is 
liberated (up to 1% in samples is obtained 
almost stoichiometrically) as SO,, absorbed as 
H,8O, and titrated with starch and KIO,. 
Optimum conditions are described. A deter- 
mination occupies 8 min.—«.E.J. 

Study of the chemical analysis of basic siag. 
V. Determination of fluorine in basic slag 5. 
Wakamatsu (Tetsu to Hagane, 1960, 46, July, 
769-774) Two methods are described. One is a 
simple combustion method followed by titra- 
tion; the other depends on dissolution in acetic 
acid, addition of NH, oxalate, and conven- 
tional determination of Ca (19 refs). —xK.E.J. 

volumetric determination of nitrite 
H. W. Kaloumenos (Werks. Corros., 1960, 11, 
Oct., 626) The reaction between nitrite and 
sulphamic acid is used as a basis for the control 
analysis of nitrite. 

~~ determination of sulphur in fuel oils 
used in the steel industry W. B. Boyes and 
H. C. Wilkinson (Metallurgia, 1960, 62, Sept., 
129-130) The calorimeter-bomb method and 
the Sheffield high-temp. method are applied to 
determination of 8 in fuel oils by suitable 
modifications. 


INDUSTRIAL USES AND 
APPLICATIONS 


Friction cast irons V. P. Grechin (Russian 
Engng. Jnl., 1959, (7), 55-58; from Monthly 


tev. Tech. Lit., 1960, 10, Oct., 3) The article 

reviews the friction properties and wear resist- 
ance of various cast irons when used as brake 
shoes and brake drums. Heat resistance is one 
of the most important properties, especially 
when operating with dry friction. The cast 
iron recommended for railway brake shoes 
contains: total C 2-8-3-3%; Si 1-8-2-3%; 
Mn 1-6-1-8%; P 0-6-0-8%. This is consider- 
ably higher in Mn and lower in P than that 
currently used on British Railways and is pre- 
sumably more expensive.—c.F.c. 

Chains and chain making (Hradley’s Mayg., 
1960, Spring, 3-4) Forming, welding, and 
testing are outlined. 

The use of Meehanite high-duty iron castings 
for bridge bearings B. N. Baliga (/ndian Con- 
struction News, Special No., 1958, 7, Nov.; 
Proc. Symposium on Recent Developments in 
Foundry Technology, 1958, Feb. 5-8, 354—357) 
Development of the use of Meehanite for 
bridge bearings is outlined, and design features 
and moulding technology are described. 

The use of high tensile steels: High-pressure 
transmission lines H. A. Price (J. Am. Water 
Works Assoc., 1960, 52, Sept., 1137-1138) 
Suitable grades, especially API specification 
X42, are considered for pipe-lines, especially 
for water. The savings from the use of these 
alloy steels are indicated. Welded elevated 
steel tanks and standpipes J. ©. Jackson (1139 
1141) Stresses are considered and the use of 
high-tensile steels is not recommended except 
possibly for flat-bottom tanks. 

Steels, irons and various alloys for the pros- 
pecting and extraction of m B. de 
Borde (Rev. Nickel, 1959, 25, (4), 87-96) In 
this section an account is given of drilling 
equipment and the materials used in its manu- 
facture. 

The construction of Piccard’s ey re 
Ga oe et 6 eae Se ee © . 

irmse (Stahl Eisen, 1960, 80, Oct. 27, 1648- 
1649) Some details of the construction of the 
globe are reported: The globe had a diameter of 
2180 mm and wall thickness of 120 mm. Are- 
melted steel with 0-35%C, 0-25%8i, 0-40% Mn, 
0-035%P, 0-035%8, 1-5%Cr, 0-25%Mo, and 
1-5°Ni was used and vacuum-cast. The steel 
showed a proof stress of 82 kg/mm?, a UTS of 
104 kg/mm, and an elongation of 15-4%. An 
accuracy of about 5 uw was achieved in the 
machining of the various faces of the joints. 

The suitability of hard magnetic wire for 
storage of information ©. Henkel (Ber. 
Arbeitagemein. Ferromagnetismus, 1958, 111— 
119) The coercive force of hard magnetic 
wires of Fe-Ni-Cr and Cu-Ni-—Fe alloys was 
increased to such an extent that the electro- 
acoustic a gee of magnetic ferrite tapes 
were reached. The wires had a dia. of only 50 p. 
In a table are listed the chief characteristics of 
magnetic tapes and wires.—T.G. 

Stainiess steel supersonic aircraft (Metal- 
lurgia, 1960, 62, Sept., 110-114) The use of 
stainless steel in the construction of the 
Bristol Type 188 supersonic research aircraft 
is described. 

A review of certain ferrous castings applica- 
tions in aircraft and missiles J. Varga jun. 
(DMIC-120; PB 151077, 1959, Dee., pp.53; 
from Nucl. Sci. Abs., 1960, 14, April 30, 973) 
A general summary of the application of steel 
castings to aircraft is presented. Representa- 
tive types of castings are illustrated and dis- 
cussed. The problems of the aircraft manu- 
facturer and castings producer are presented. 
Future casting requirements and work that is 
in progress toward the increased use of castings 
are discussed, 

Evaluation of high h steels for ele- 
vated temperature ms in aircraft. 
Part 11. Products other than flat rolled E. V. 
Bennett (MAB-48-SM, 1958, Aug., pp.36; 
from Nucl. Sci. Abs., 1958, 12, Nov. 15, 1930) 
This report supplements MAB-131-—M. The 
availability of steel bars, extrusions, forgings, 
castings, and tubes to aircraft manufacture are 
discussed. Trends in usage and demand are 
outlined, and data on compositions, proper- 
ties, and forms of various steels are given. 

Investigation and evaluation of ultra strength 
steel for missile boosters A. ©. Moelk and R. A. 
Patterson (SPDIR-18; AD-155241; PB 
144056, 1958, Jan. 10, pp.31; from US Gov. 
Res. Rep., 1960, 33, Feb. 12, 192-193) A 
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material designated BMMC.1 was developed 
as a result of an investigation into the possi- 
bilities of finding a steel capable of developing 
a yield strength of 240000 psi when heat 
treated. 

Stainiess steel ribbon wraps rocket thrust 
chambers Solar Aircraft Co. (Jron Age, 1960, 
185, June 16, 122-123) The construction of a 
light, strong rocket thrust chamber for testing 
missile fuels is described. Stainless steel ribbon 
is forrmed and brazed into position to make the 
coolant passages. D.L.c.P. 

n of 347 stainiess steel for use in the 
PM _-1 reactor pressure vessel ©. Canitz (WN D- 
M-1911; RJA~-3, 1959, Nov., pp.5; from Nuel, 
Sci. Abs., 1960, 14, July 31, 1770) The reason- 
ing involved in the selection of type 347 stain- 
less steel to conform to ASME specification 
SA- 240 as the austenitic steel to be used in the 
PM-1 pressure vessel is discussed. k.8.¥F.0. 
fron aluminium base alloys for reactor com- 
ponents W. A. Maxwell, B. King, J. Mueller, 
and N. Ida (2nd UN Conf. on Peaceful uses of 
Atomic Energy, 1958, A/CONF.15/P/707; 
from Nuel. Sct, Abs., 1958, 12, Oct. 13, 1815) 
The materials are expected to become com- 
petitive with stainless steels. 

Development of ferritic stainiess steel UO 
dispersion fuel elements W. K. Barney, W. E. 
Ray, and H. G. Sowman (KAP L-1908, 1958, 
Jan., pp.20; from Nucl. Sci. Abs., 1959, 13, 
Jan. 15, 25) A preliminary description of a pro- 
cedure for fabricating ferritic stainless steel 
UO, fuel clad with type 430 stainless steel, and 
a report of a test on the irradiation perform- 
ance of the element. 

w cross iron-base alloys LD. W. 
Lillie (57-RL-1759, 1957, July, pp.21; from 
Nuel. Sci. Abs., 1959, 13, Jan. 15, 22) The 
mechanical properties of Fe-Si and Fe-Al 
alloys in the range 0-14%Si and about 8%Al 
are described, together with data on the effect 
of third elements on ductility. It is concluded 
that Fe alloys with 6-8%Al are a promising 
material for developing low neutron cross- 
section alloys for use in nuclear reactors. 


HISTORICAL 


Domestic iron objects of Roman Britain 
W. 8. Penn (Brit. Steel, 1960, 26, Aug., 284— 
287) Iron objects found on the sites of Roman 
homes and farms are described and illustrated. 

contri to the history of the Catalan 
forge J. M. Madurell y Marimén (Tecn. Met., 
1960, 16, May-June, 103-110) The author 
presents a brief account of the Catalan forges, 
referring to their siting, design, expansion, 
decline, and re-establishment. Raw material 
sources are briefly mentioned and the com- 
mercial aspects of the Companies, the con- 
cessionaries, licences, and leases are discussed. 

An old smelting furnace in Gory Swiete- 

kie in Poland 8. Holewinski, M. Radwan, 
and W. Rozanski (Arch. Hutn., 1960, 6, (3), 
271-280) The description of the remnants of 
the smelting furnace dating from the 5th 
century and its working is supplemented by 
the photographs of the microstructures of the 
reduced haematite ore mined locally. 

Réaumur and the invention of maiieable cast 
iron H. Abrecht (Schweizerische Bauzeitung, 
1957, 75, Oct. 12, pp.3, preprint) An historical 
review. 

1850-1885 Sidney Gilchrist Thomas E. N. 
Simons (Brit. Steel, 1960, 26, March, 88-91) A 
biographical note, with particular reference to 
the early work of Thomas and Gilchrist on 
basic Bessemer conversion. 

The genius of Gilchrist Thomas M. Schofield 
(Iron Steel, 1960, 33, June, 339-340) A note on 
the life and work of the creator of the ‘basic 
Bessemer process’, 

The centenary of the Verein Deutscher 

H. Reusch (V DIZ, 1960, 102, 
Nov. 1, 1455-1459) A résumé of the activities 
of the Verein during its existence. During the 
last 100 years, stee) production in Germany 
increased from less than 5 x 10° to more than 
25 x 10° t.—7.a. 

The scientific activities of Professor |. P. 
Bardin A. Krupkowski (Arch. Hut., 1960, 6, 
(2), 139-141) In an introduction the author 
gives the life story (1883-1960) of this Russian 
metallurgist. It can be said that he was the 
father of the modern Russian steel industry. 
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Vatue of corrosion protection on pipe line 
systems H. K. Phipps (Corrosion, 1960, 16, 
Aug., 9-10) The history of corrosion protection 
on pipelines i is briefly reviewed and an indica- 
tion is given of the substantial saving brought 
about by the work of the corrosion engineer. 


R. 8. Greeley (C P-60-3-156, 1960, March 31, 
pp.6; from Nucl. Sci. Abs., 1960, 14, Aug. 31, 
2018) No serious attack was observed but a 
slight absorption of H, by the Ti was indicated. 
With freer access to O, this did not occur and 
there was no reduction of uranyl! or of magne- 

tite. 

E ments on the prevention of oo 
attack on cast iron propeliers by cathodic pro- 
tection K. 1. Higgins and H. H. Collins (Corros. 
Prev., 1960, 7, May, 41-48) Experiments 
suggest that a half shrouded propeller anode 
can provide substantial protection against 
pitting attack provided that the rotating pro- 
peller shaft is not in good electrical contact 
with the hull. Evidence suggests that the use of 
soft gra ey lubricated packing in the stern 
tube or bulk-head glands or the use of a metal- 
lie stern tube gland may encourage good elec- 
trical contact and steps must be taken to 
avoid this, 

internal cathodic protection ©. Plumpton 
and C. Wilson (Corros. Prev., 1960, 7, May, 
33-40) The cathodic protection of cylindrical 
boxes by using annular anodes is described. 

and current distribution in cathodic 
corrosion protection ©. Wagner (Werks. 
Korros., 1960, 11, Nov., 673-680) Distribution 
of potential and current in local cells and with 
eathodie protection can be calculated from the 
differential equation for the electric field in an 
electrolyte. The relevant limiting conditions 
are formulated and the conseq d 


10 years of cathodic protection for e 
water tanks H. M. Patton jun. oo 
sion, 1960, 16, Aug., 12) The system used for 
10 years to control corrosion in large water 
storage tanks is described. The rectifiers and 
anodes used are discussed, and the advantages 
and economics of the cathodic system are 


outlined.—«.F. 

¢ protection of Lacq Field well casings 
M. Estavoyer (Corrosion, 1960, 16, Aug., 14— 
19) Lacq Field in 8.W. France is a vast anti- 
cline producing sour gas representing an im- 
portant source of energy. The author discusses 
some of the engineering and design problems 
affecting the cathodic protection of the gas 
well casings.—o.¥F 

Su methods and practices for cathodic 

coordi D. T. Jones (Corrosion, 
1960, 16, Aug., 20-23) The author discusses 
the methods and practices used by a telephone 
company to cocndliiahe its cathodic protection 
activities with other operators and owners of 
buried metallic sub-structures.—c. F. 

Effect of iron, aluminium and cadmium addi- 
tions on the performance of zinc anodes in sea 
water L. J. Waldron and M. H. Peterson 
(Corrosion, 1960, 16, Aug., 375t-379t) The 
authors have evaluated “the performance of 
hull-mounting zinc anodes of varying purity in 
sea water. The results show that the Pest per- 
formance is given when the zine contains a 
maximum of 0-006%Fe and minimum con- 
tents of 0-025%Cd and 0-1%Al.—e. F. 

Cathodic protection used to control corrosion 
of service station underground equipment M. J. 
Olive (Corrosion, 1960, 16, Oct., 9-15) The 
combination of cathodic protection and coat- 
ings has proved to be the most effective and 
economical way of preventing corrosion of 
service station underground equipment. The 
methods of determining corrosion probabilities 
are described, and the coatings suggested for 
service station use are discussed.——G. F. 

hodic nm for metallic water tanks 
C. A. Bauer and L. C. Eddy (Corrosion, 1960, 
16, Aug., 390t-394t) The authors describe the 
practical and theoretical considerations in the 
cathodic protection of metallic water tanks 
The factors discussed include current distribu- 
tion on parallel anodes, aggressiveness, and 
resistivity of water, size, and spacing of anodes 
anode interference factor, and rectifier voltage 
and current requirements.—<. F. 





Cathodic of water treatment 
F. O. Waters (Corrosion, 1960, 16, Oct 

487t-490t) The author discusses problems 
encountered in the installation, testing and 
operation of cathodic protection for rapid sand 
and pressure type filters in water-treatment 
plants. re nap operating experience is 
outlined. 

Zinc as a salt -regulating galvanic anode for 
ship hulls J. A ‘arson (Corrosion, 1960, 16, 
Oct., 491t-496t) The author presents the 
results of service trials with highewusthy and 
alloyed zine hull anodes. It is shown that 
zine anodes of suitable composition are cap- 
able of providing complete cathodic protection 
for ship hulls for extended periods in sea water. 

Corrosion protection with asbestos emulsions 
(Corros. Prev., 1960, 7, April, 43-45) Photo- 
graphs compare the corrosion of the outside of 
a cylindrical tank at the South Eastern Gas 
Board, after two years’ protection with (a) 
conventional painting and (b) a proprietary 
brand of black asbestos emulsion. The latter is 
still perfectly satisfactory. Methods of applica- 
tion are stated. 

jal corrosion resistant refractories R. W. 
Brown and H. G. Noble (Corrosion, 1959, 15, 
Oct., 92-98) The authors describe current 
applications of special refractories as substi- 
tutes for metals in conditions which call for 
resistance to corrosion in addition to abrasion, 
erosion, and high temp. The characteristics of 
these special refractories are discussed.—c.F. 


ANALYSIS 


The activities of an iron and steel works 
laboratory in the Hight of modern methods of 
chemical a Dickens (Stahl Hisen, 
1960, 80, Oct. 27, 1580-1587) This is a review 
of the progress made in chemical analysis 
during the last 100 years in iron and steel 
laboratories. The usefulness of such a depart- 
ment is stressed and a number of individual 
cases are quoted.—t.«G. 

Pa on the oe of taking a oe 4 

of oxygen in moite 
Maekawa and Y. N awe yn wom on 
Iron and Steel Industry in India, 1959, Feb., 
393-401) Various methods in use for sampling 
are assessed and compared, and an improved 
vacuum sampling method is described, and 
results reported (15 refs). 

A colorimetric method of estimation of trace 
iron K. Kapitanczyk, Z. Kurzawa, and Z. 

ninski (Chemia Analit., 1960, &, (3), 413- 
417) The method of estimation of trace Fe in 
non-ferrous metals, effluents or water is based 
on measurement of the extinction of the red 
complex ion (FeN,)++ produced by adding 
sodium azide to a Fe-solution in HCl. Cu, Ni, 
Co, Bi, Sn, Ti, Pb, as well as citrates, fluorides, 
phosphates, and tartrates interfere. 

Chemical methods of a ty sulphur in 
low alloy and carbon steels W. L. Miller (PB 
143905, “ool, Aug., pp.28; from US Gov. Res. 
Rep., 1960, 33, Feb. 12, 193) A collaborative 
test of two methods carried out by seven naval 
laboratories showed a combustion-titration 
method to be superior. The method has been 
written in a form suitable as a standard 
meth: 

tH chemists discover a new silicon control 
method W. H. Kieski and D. A. Shaw (Cast- 
ings, 1960, 6, March, 31-32) Solution of the 
finely-divided sample in Br,-HBr requires less 
bulk of reagent and so reduces time of evapora- 
tion. SiO, is weighed as usual. The time taken 
is 15 min.—J.w.4J. 

A comparison of two methods of Si estima- 
tion in cast irons, alloy steels etc. J. Kapko and 
Z. Majsak (Chemia Analit., 1960, 5, (3), 505- 
508) A rapid volumetric method described by 
F. Kordon (Arch. Hisenh., 1945, 65, (18), 139) 
devised originally for cast irons and steels and 
extended by I. Sajo (Acta Chim. Soc. Hungar. 
1955, 6, 243) to include ores and silicates has 
been compared with the gravimetric method 
and no discrepancy has been found. In the 
rapid volumetric method, silicic acid is first 
converted into K,SiF, and then by boiling free 
aa liberated and oy & with n/35Na0OH. 


methods for the absorptiometric 
nation of iron in Zircaloy 2 (PK R-16 
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(S), 1959, Aug., pp.7; from Nucl, Sci. Abs., 
1960, 14, ‘March 31, 660) After soln. in HF the 
F~- is complexed with boric acid, and Zr with 
NH, citrate, and Fe is then complexed with 
thioglycolic acid and determined absorptio- 
metrically in NH, soln. 

—— method for the absorptiometric 
determ ation of iron in vanadium (P?GR-10 
(S), 1959, pp.5; from Nucl. Sci. Aba., 1960, 14, 
March 31, 6/ 59). The sample is dissolved in aqua 
regia, reduced with NH,OH, the phenan- 
throline complex extracted with nitrobenzene 
and determined absorptiometrically. 

A specific spot test for iron K. L. Mallik and 
B. Sen (Anal. Chim. Acta, 1960, 23, Sept., 225 
226) Phenyl-a-pyridy! ketoxine gives a violet 
colour with ferrous ion. 

Determination of metal ions by means of 
TAA and EDTA. 11. Determination of iron 
G. C. Krijn, A. 8. Koster, and G. Den Boef 
(Anal. Chim. Acta, 1960, 23, Sept., 240-245) 
Thioacetamide as precipitating agent and 
EDTA as masking agent separate Fe from 
Groups II and IIIl. Fe(OH), is then precipi- 
tated and determined spectrophotometrically. 

Photometric determination of chromium in 
steels and aluminium alloys W. 1D. Nordling 
(Chem. Anal., 1960, 49, Sept., 78-79, 88) 
EDTA is used after reducing Fe with ascorbic 
acid. 

Extraction of chromium (11!) with 2-thenoyl- 
trifluoroacetone: direct rophotometric 
termination in the organic phase S. K. Majum- 
dar and A. K. De (Anal. io 1960, 32, Sept., 
1337-1339). 

Colorimetric determination of microgram 
quantities of cobalt with the p-nitrophenyi- 
h ne of diacetyimonoxime Hsi-hua Hu, 
Yu-ching Leu, Hsueh-tze Soong, and Ping- 
tsing Chu (Hua Heiieh Hesiieh Pao, 1958, 24, 
255-257; from Nucl. Sci. Abs., 1960, 14, May, 
1206) A method employing ammonium ace- 
tate, together with alcohol, used to destroy the 
violet colour developed by the interaction 
between NH,OH and the reagent, which is 
both rapid and reproducible, is described. 

Separation of niobium, tantalum, titanium 
and zirconium from each other A. K. Majum- 
dar and A. K. Mukherjee (Anal. Chim. Acta, 
1960, 23, Sept., 246-247) Nb and Ta are separ- 
ated with pyrogallol and determined with N- 
benzoyl-N-phenylhydroxylamine, and Zr with 
salicylhydroxamic acid and Ti with Cupferron. 

Determination of tungsten and molybdenum 
without their separation E. Lassner and R. 
Scharf (Chem.-Anal., 1960, 49, Sept., 68-69) A 
photometric method using EDTA is combined 
with a titrimetric method using 4-(2-pyridyl- 
azo)resorcinol and 1-(2-pyridylazo)-2-naphthol 
as indicators and titrating with lead nitrate. 
Mo is determined i ox by the photo- 
metric method. Ag, chromate, vanadate, 
and U(V1) interfere. 

Determination of trace amounts of tantalum 
in steel L. Kidman, C. L. Darwent, and G. 
White (Metallurgia, 1960, 62, Sept., 125-128, 
130) The coloured complex between pyrogallol 
and Ta is used to determine Ta absorptio- 
metrically after precipitation with Nb using 
Zr as carrier. Nb interference is prevented by 
pH control. 

Determination of small amounts of special 
elements in cast iron. 1V. Polarographic deter- 
mination of bismuth in cast iron K. Ota (Nippon 
Kinzoku, 1959, 23, Dec., 708-712) The deter- 
mination is made in a mixed soln. of n-H,SO 
and 0-1ln-HCl. Sb, which interferes, is remov: 
by volatilization with HBr. The preliminary 
separation is made in HNO, by co-pptn. with 
hydrous MnO,, Fe*+ being reduced to Fe*+ 
with hydrazine. The method is suitable for 
0-001-0- ss a cast be 9 (13 refs).—-x«.8. 3. 


Rapid deter in iron, steel 
and ores co "Cupizone (biscyclohexanone 
oxalydih Wacken and Y. Yone- 


yama (/ oy Kineobe. 1959, 23, Nov., 
641-644) Cuprizone reacts selectively with Cu 
at pH 8-0-9-5, forming complexes with max. 
absorbance near 600 my. If Fe is masked with 
citric acid and Cr is oxidized to Cr*+, there is no 
interference. Ni and Co interfere, but with 
steels containing up to 0-5%Co and 10%Ni, 
the sample can be reduced and the amount of 
cuprizone increased. When Fe is present, the 
colour remains for 3-20 min.—«K.£.J. 
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A jon of the quantometer to the 
wit nae in steelmaking (Denki-Seako, 


1960, 31, Jan., 2-8) (In Japanese}.—x.r.5. 

Determination of small amounts of special 
elements in cast iron. Vi. Spectrophotometric 
determination of zinc in cast iron with zincon 
K. Ota (Nippon Kinzoku, 1960, 24, (2), 82-85) 
The Zn-Zincon complex shows high absorb 
ency at 615 my over the pH range 8-5-9-5, and 
is stable for at least | h. Preliminary separa- 
tion of Zn from large amounts of iron ete. is 
done with dithizone extraction. The method is 
suitable for 0-002-0-04%Zn in cast iron. 

A new method of rophotometric deter- 
mination of tin with alizarine biue. Application 
of this method for the estimation of tin in steel 
and non-ferrous alloys K. Hirokawa (Nippon 
Kinzoku, 1959, 23, Dec., 701-704) Sn*> forms a 
coloured complex with alizarine blue in n- 
HC! soln.; this was extracted in cyclohexanone-— 
ethyl! acetate soln., and had a max. absorption 
at 580 my. The determination is used for Sn in 
steel after H,S separation, and for 0-001 
0-1%8n in non-ferrous alloys after co pptn. 
with MnO,. 

Determination of lead in leaded free-cutting 
steel by the fluorescent X-ray analyser (Venk:- 
Seiko, 1960, 31, Jan., 9-13) [In Japanese}. 

Studies on analytical methods for trace ele- 
ments in metals using radioactive isotopes. 
vill. ric determination of 
tungsten, um and vanadium using an 

anic solvent-extraction method H. Amano 
(Nippon Kinzoku, 1960, 24, (2), 88-92) The 
elements are extracted using solvents. Mo and 
V are extracted into a CHCI, layer in the pres- 
ence of K xanthate; Mo is determined at 
550 my and V at 375 my. W is then extracted 
by 2% oxine-CHCl, soln.; and is measured at 
400 my. Ni, Fe, ete., which interfere, are re- 
moved using magnetic mercury cathode elec- 
trolysis (20 refs).—K.E. J. 

The determination of 80,, 80, and H,8 in 
combustion K. Wickert (BWK, 1960, 12, 
Oct., 449-451) It was found that I/KI in iso- 
propy! alcohol was unsuitable for determining 
SO, and SO, in a single sample. Two satis- 
factory (direct and difference) methods are 
described. In the direct method, H,S is separ- 
ated and determined separately as CdS. 

Analysis of cyanide zinc baths A. Salka (Met. 
Fin., 1960, §8, May, 59-60) This note outlines 
a method of rapid determination of metal and 
total cyanide. Both zinc and cyanide contents 
are determined in the same solution and the 
method gives an accurate ratio between the 
cyanide and zinc as well as the total concentra- 
tions of each constitutent. 

Rapid determination of sulphur in basic 
¥ a combustion method 8S. Mackawa and Y. 

oneyama (Tetsu to Hagane, 1960, 46, June, 
678-682) S in basic slag is better recovered by 
using O, in an hf induction apparatus than by 
using an electric resistance furnace. It is 
liberated (up to 1% in samples is obtained 
almost stoichiometrically) as SO,, absorbed as 
H,SO, and titrated with starch and KIO,. 
Optimum conditions are described. A deter- 
mination occupies 8 min.—xK.E.J. 

udy of the chemical a of basic ° 
- Determination of fluorine in basic slag 5. 
Wakamatsu (Tetsu to Hagane, 1960, 46, July, 
769-774) Two methods are described. One is a 
simple combustion method followed by titra- 
tion; the other depends on dissolution in acetic 
acid, addition of NH, oxalate, and conven- 
tional determination of Ca (19 refs).—xK.E.J. 
volumetric determination of nitrite 
H. W. Kaloumenos (Werks. Corros., 1960, 11, 
Oct., 626) The reaction between nitrite and 
sulphamic acid is used as a basis for the control 
analysis of nitrite. 
determination of sulphur in fuel oils 
used in the steel industry W. B. Boyes and 
H. C. Wilkinson (Metallurgia, 1960, 62, Sept., 
129-130) The calorimeter-bomb method and 
the Sheffield high-temp. method are applied to 
determination of 8S in fuel oils by suitable 
modifications. 


INDUSTRIAL USES AND 
APPLICATIONS 


Friction cast irons V. P. Grechin (Russian 
Engng. Jnl., 1959, (7), 55-58; from: Monthly 


Rev. Tech. Lit., 1960, 10, Oct., 3) The article 
reviews the friction properties and wear resist- 
ance of various cast irons when used as brake 
shoes and brake drums. Heat resistance is one 
of the most important properties, especially 
when operating with dry friction. The cast 
iron recommended for railway brake shoes 
contains: total C 2-8-3-3%; Si 1-8-2-3%; 
Mn 1-6-1-8%; P 0-6-0-8%. This is consider- 
ably higher in Mn and lower in P than that 
currently used on British Railways and is pre- 
sumably more expensive.—c.F.c. 

Chains and chain making (Bradley's May., 
1960, Spring, 3-4) Forming, welding, and 
testing are outlined. 

The use of Meehanite high-duty iron castings 
for bridge bearings B. N. Baliga (/ndian Con- 
struction News, Special No., 1958, 7, Nov.; 
Proc. Symposium on Recent Developments in 
Foundry Technology, 1958, Feb, 5-8, 354-357) 
Development of the use of Meehanite for 
bridge bearings is outlined, and design features 
and moulding technology are described. 

The use of high tensile steels: High-pressure 
transmission lines H. A. Price (J. Am. Water 
Works Assoc., 1960, 62, Sept., 1137-1138) 
Suitable grades, especially API specification 
X42, are considered for pipe-lines, especially 
for water. The savings from the use of these 
alloy steels are indicated. Welded elevated 
steel tanks and standpipes J. ©. Jackson (1139- 
1141) Stresses are considered and the use of 
high-tensile steels is not recommended except 
possibly for flat-bottom tanks. 

Steels, irons and various alloys for the pros- 
pecting and extraction of roleum 6. de 
Borde (Rev. Nickel, 1959, 25, (4), 87-96) In 
this section an account is given of drilling 
equipment and the materials used in its manu- 
facture. 

The construction of Piccard’s ry eg 

lobe designed for a depth of 11000 m H. 

<irmse (Stahl Eisen, 1960, 80, Oct. 27, 1648- 
1649) Some details of the construction of the 
globe are reported: The globe had a diameter of 
2180 mm and wall thickness of 120 mm. Are- 
melted steel with 0-35%C, 0-25%Si, 0-40%Mn, 
0-035%P, 0-035% 8, 1-5%Cr, 0-25%Mo, and 
1-5°% Ni was used and vacuum-cast. The steel 
showed a proof stress of 82 kg/mm*, a UTS of 
104 kg/mm?, and an elongation of 15-4%. An 
accuracy of about 5 yu was achieved in the 
machining of the various faces of the joints. 

The suitability of hard magnetic wire for 
storage of information ©. Henkel (Ber. 
Arbeitsgemein. Ferromagnetismus, 1958, 111 
119) The coercive force of hard magnetic 
wires of Fe-Ni-Cr and Cu-—Ni-Fe alloys was 
increased to such an extent that the electro- 
acoustic properties of = Pe ferrite tapes 
were reached. The wires had a dia. of only 50 yu. 
In a table are listed the chief characteristics of 
magnetic tapes and wires.—T.G. 

Stainiess steel supersonic aircraft (Metal- 
lurgia, 1960, 62, Sept., 110-114) The use of 
stainless steel in the construction of the 
Bristol Type 188 supersonic research aircraft 
is described. 

A review of certain ferrous castings applica- 
tions in aircraft and missiles J. Varga jun. 
(DMIC-120; PB 151077, 1959, Dec., pp.53; 
from Nucl. Sci. Abs., 1960, 14, April 30, 973) 
A general summary of the application of steel 
castings to aircraft is presented. Representa- 
tive types of castings are illustrated and dis- 
cussed. The problems of the aircraft manu- 
facturer and castings producer are presented. 
Future casting requirements and work that is 
in progress toward the increased use of castings 
are discussed. 

Evaluation of high strength steels for ele- 
vated temperature ms in aircraft. 
Part 11. Products other than flat rolied E. V. 
Bennett (MAB-48-SM, 1958, Aug., pp.36; 
from Nucl. Sci. Abs., 1958, 12, Nov. 15, 1930) 
This report supplements MAB-131-M. The 
availability of steel bars, extrusions, forgings, 
castings, and tubes to aircraft manufacture are 
discussed. Trends in usage and demand are 
outlined, and data on compositions, proper- 
ties, and forms of various steels are given. 

Investigation and evaluation of ultra strength 
steel for missile boosters A. ©. Moelk and R. A. 
Patterson (SPDIR-18; AD-155241; PB 
144056, 1958, Jan. 10, pp.31; from US Gov. 
Res. Rep., 1960, 33, Feb. 12, 192-193) A 


ABSTRACTS iti 


material designated BMMC.1 was developed 
as a result of an investigation into the possi- 
bilities of finding a steel capable of Ba oe 
a yield strength of 240000 psi when heat 
treated. 

Stainiess steel ribbon wraps rocket thrust 
chambers Solar Aircraft Co. (Jron Age, 1960, 
185, June 16, 122-123) The construction of a 
light, strong rocket thrust chamber for testing 
missile fuels is described. Stainless steel ribbon 
is formed and brazed into position to make the 
coolant passages... D. L. C. P 

jon of 347 stainiess steel for use in the 

PM 1 reactor pressure vessel ©. Canitz (WN D 
M-1911; RJA-3, 1959, Nov., pp.5; from Nuel, 
Sci, Abs., 1960, 14, July 31, 1770) The reason- 
ing involved in the selection of type 347 stain- 
less steel to conform to ASME specification 
SA- 240 as the austenitic steel to be used in the 
PM-~1 pressure vessel is d scussed,—_Rk.8. F.C. 

iron aluminium base ailoys for reactor com- 
ponents W. A. Maxwell, B. King, J. Mueller, 
and N. Ida (2nd UN Conf. on Peaceful uses of 
Atomic Energy, 1958, A/CONF.15/P/707; 
from Nuel, Sci. Abs., 1958, 12, Oct. 13, 1815) 
The materials are expected to become com- 
petitive with stainless steels. 

Development of ferritic stainiess steel UO 
dispersion fuel elements W. K. Barney, W. E. 
Ray, and H. G. Sowman (KAP L-1908, 1958, 
Jan., pp.20; from Nuel. Sci. Abs., 1959, 73, 
Jan. 15, 25) A preliminary description of a pro- 
cedure for fabricating ferritic stainless steel— 
UO, fuel clad with type 430 stainless steel, and 
& report of a test on the irradiation perform- 
ance of the element. 

Low cross-section iron-base alloys 1). W. 
Lillie (57—-RL-1759, 1957, July, pp.21; from 
Nucl. Sci. Abs., 1959, 13, Jan. 15, 22) The 
mechanical properties of Fe-Si and Fe-Al 
alloys in the range 0-14%Si and about 8%Al 
are described, together with data on the effect 
of third elements on ductility. It is concluded 
that Fe alloys with 6-8%Al are a promising 
material for developing low neutron cross- 
section alloys for use in nuclear reactors. 


HISTORICAL 


Domestic iron objects of Roman Gritain 
W. 8. Penn (Brit. Steel, 1960, 26, Aug., 284- 
287) Iron objects found on the sites of Roman 
homes and farms are described and illustrated. 

contribution to the history of 
forge J. M. Madurell y Marimén (Tecn. Met., 
1960, 16, May-June, 103-110) The author 
presents a brief account of the Catalan forges, 
referring to their siting, design, expansion, 
decline, and re-establishment. Raw material 
sources are briefly mentioned and the com- 
mercial aspects of the Companies, the con- 
cessionaries, licences, and leases ere discussed. 

An old smelting furnace in Swieto- 
k kie in Poland 8. Holewinski, M. Radwan, 
and W. Rozanski (Arch. Hutn., 1960, 6, (3), 
271-280) The description of the remnants of 
the smelting furnace dating from the 5th 
century and ite working is supplemented by 
the photographs of the microstructures of the 
reduced haematite ore mined locally. 

Réaumur and the invention of malleable cast 
iron H. Abrecht (Schweizerische Bauzeitung, 
1957, 75, Oct. 12, pp.3, preprint) An historical 
review. 

1850-1885 Sidney Gilchrist Thomas E. N. 
Simons ( Brit, Steel, 1960, 26, March, 88-91) A 
biographical note, with particular reference to 
the early work of Thomas and Gilchrist on 
basic Bessemer conversion. 

The us of Gilchrist Thomas M. Schofield 
(ron Steel, 1960, 33, June, 339-340) A note on 
the life and work of the creator of the ‘basic 
Bessemer process’. 

The centenary of the Verein Deutscher 

h H. Reusch (V DIZ, 1960, 102, 
Nov. 1, 1455-1459) A résumé of the activities 
of the Verein during its existence. During the 
last 100 years, steel production in Germany 
increased from less than 5 x 10® to more than 
25 x 10° t.—1. 0. 

The scientific activities of Professor |. P. 
Bardin A. Krupkowski (Arch. Hut., 1960, &, 
(2), 139-141) In an introduction the author 
gives the life story (1883-1960) of this Russian 
metallurgist. It can be said that he was the 
father of the modern Russian steel industry. 
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112 ABSTRACTS 


In the field of research the professor has to his 
credit investigations into the properties of 
Russian ores and coal, investigations into the 
possibilities of increasing blast-furnace output 
and ore-dressing, research to increase the 
thermal! efficiency of the OH furnace, research 
on using higher quality steels in railway trans- 
port, and investigations into the continuous 
rolling of steel. 


ECONOMICS AND STATISTICS 


The first step in Soe integration. The 
European Coal and Steel Community, the 
Schuman Plan Sir Cecil Weir (Federal Educa- 
tional Sind Research Trust Pamphlet, 1957, 
pp.29) An account of origin, objectives, 
achievements, and external relations. 

Fuel and energy as cost factors in steel- 
making J. M. Schenstrém (Jernkont. Ann., 
1960, 144, (8), 628-665) These factors are dis 
cussed in relation to the Swedish steel industry 
(22 refs). 

Hungarian steel J. Levett (Jron Steel, 1960, 
33, June, 326-327) A brief description of pro 
duction and plant in the Hungarian steel 
industry. It is aimed to produce 2-4 million t 
of crude steel by 1966. 

Trend of steel demand in India K. N. P. Rao 
(Symposium on Iron and Steel Industry in 
India, 1959, Feb... 86-89) Probable steel 
demand by the consumer industries is assessed 
in the light of likely development trends in 
India. 

fron and steel industry in India B. KR. 
Nijhawan (Symposium on Iron and Steel 
Industry in India, 1959, Feb., 322-336) The 
present position in India is dese ribe din relation 
to the second Five Year Plan. Output and 
development data are given for the Rourkela, 
Bhilai, and Durgapur plants in the public 
sector, and for TISCO and Mysore Iron and 
Steel Works in the private sector. Reserves of 
Indian iron ores are enumerated, and some 
figures showing the flux, coke, and refractories 
position are given. The development pro 
gramme of Tata Iron and Steel Company is 
outlined, and a section is devoted to the tron 
and steel industry in China. 

The development of iron and steel industry i in 
India’s Five Year Pian R. M. Krishnan, K. N 
Srivastava, and T. Banerjee (Symposium on 
Iron and Steel Industry in India, 1959, Feb.,. 
342-352) The raw material position is reviewed 
and the programmes of individual companies 
in the Five Year Plans are reviewed (27 refs) 

Internal accountancy as an aid to works 
management. 1. Object and usefulness of 
accountancy in the works W. Schiitte (Stahl 
Eisen, 1960, 80, Oct. 27, 1551-1553). U. 
Studies on number of personnel, wage-hour 
expenditure and specific output of individual 
plants W. Terlunen (Nov. 24, 1779-1787) 
Although the expenditure for the wages of the 
production steff is a small factor in an iron and 
steelworks, the reasons for emphasizing them 
here to this extent are discussed with special 
reference to the shortage of skilled labour in 
the German industry. 11, Job 
scheduling with the aid of punch 
Weichselmann (Stalh Eisen, 1960, 80, Nov. 24, 
1787-1798). IV. Technical og as a basis for 
future planning A. Sandig (Oct. 27, 1554 1564) 
The evaluation of the produce tion output of a 
large integrated iron and steelworks as an aid 
for the management is described. V. The way 
from cost data processing to advance planning 
P. Conrad (1564-1573) Efficiency and produc 
tivity evaluation in the iron and steel industry 
are described and discussed. Vi. Summary and 
aspects W. Schiitte, (Oct. 27, 1573-1574). 


MISCELLANEOUS 


The architectural pre of plants in the 
German iron and steel industry since the begin- 
ning of the 19th century H. H. Friedrich 
(Stahl Eisen, 1960, 80, Oct. 27, 1629-1638) An 
illustrated account of the architectural trends 
in structural engineering buildings in the Ger- 
man iron and steel industry during the last 
two centuries is presented.—t.«a. 







Bibii hy on tungsten, its alloys and com- 
== Godfrey, P. E. Bell, and H. 8. 
tearns “UL: A MS-2401 (vol.2), 1959, July, 


.223; from Nucl. Sci. Abs., 1960, 14, Rept. 
, 2319) A bibliography of 3524 referenc 68 is 
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given on W, its alloys, and compounds. The 
references are divided into sections on the 
basis of whether they are general or deal with 
the preparation and properties of the sub- 
stances.—R.S.F.C. 

The application of 6 ee computers 
in the steel industry W. E. Coleinan and F. 
Slamar (Reg. Tech. Meet. AIS1, 1960, Nov. 16, 
pp.27, preprint) On-line process-control com- 
puters are being applied in several industries, 
and some are beginning to appear in the steel 
industry. These control systems are an exten- 
sion in scope of process control and conse- 
quently require more extensive tecnhical and 
economic consideration. For such control 
systems to be effective, the complete system 
must be engineered to provide an overall 
system that will achieve a stated objective. 
Some of the technical and economic apsects 
involved in applying such control are broadly 
outlined, and examples of specific application 
problems in the steel industry are reviewed. 

Closed circuit television for industrial applica- 
tions E. ©. Carroll (/ron Steel Eng., 1960, 37, 
July, 78-81) Applications reviewed include 
material handling control, sintering machines, 
slab reheating furnaces, shear lines, etc. 

Operational research in the iron and steel 
industry R. H. Colleutt (Symposium on Iron 
and Steel Industry in India, 1959, Feb., 72-84) 
Applications of operational research tech- 
niques to industry are explained, and illus 
trated by a number of examples. The subjects 
dealt with are: simple statistical analysis of 
works records; and application of the theory of 
queuing; the simulation of operations; and an 
application of mathematical analysis to a strip 
mill. A final section deals with the organization 
of operational research (15 refs). 

On the history of the training facilities for 
ferrous metallurgy within the province of the 
Verein Deutscher Eisenhittenieute B. Weissen- 
berg (Stahl Eisen, 1960, 80, Oct. 27, 1624-1629) 
An historical review of training facilities for 
ferrous eee in Germany over the last 
50 vears. 

New corte of working conditions H. Spitzer 
(Stahl Eisen, 1960, 80, Oct. , 1618-1623) The 
human element in the modern concept of 
employee relations is discussed with special 
emphasis on the impact that automation will 
have on these relations (14 refs).-’.T. 

Structural design by computer L.. Morgan 
and W. M. P. Hutson (JIST7, 1961, 198, May, 
50-55) [This issue]. 

A feasibility study in the mechanization of a 
clerical procedure in a large steel company 
using a computer ©. LI. Hopkins and M. E 
Court (JIST, 1961, 198, May, 56-62 rithis 


issue 


BOOK NOTICES 


Basnrorts, G. R. ‘The Manufacture of Iron 
and Steel’. Vol.3. Steelworks Fuels, Fur- 
naces, tefractories, and Instruments. 
8} 54 in., pp.vili+ 246. Illustrated. 1960, 
London: Chapman and Halli Ltd. (Price 
£1 158.) 

Mr Bashforth has, as the review of Volume 
Il of ‘The Manufacture of Iron and Steel’ 
(JISI, December 1959) indicated, now 
brought together as Volume III all the 
material on steelworks fuels, furnaces, 
refractories, and instruments. The work 
shows all the author’s painstakingness and 
lucidity and it is regrettable, therefore, that 
he should have provided comparatively few 
up-to-date references. The book is a useful 
addition to the literature, however, and is 
well produced and illustrated. 

—J. P. SavIL1e. 

Bices, W. D. ‘The Brittle Fracture of Steel’. 
8} x 5} in., pp.xxvi+ 420. Illustrated. 1960, 
London: Macdonald and Evans Ltd. 
(Price £3 108.) 

The term ‘brittle fracture’ used in the 
title of the book is in danger of becoming 
accepted as referring exclusively to the 
brittle failure of structural steels associated 
with cleavage fracture. It is mainly with this 
type of fracture that the author deals, 
although reference is made in one or two 
chapters to intercrystalline brittleness. It 
has been known since the early days of the 





large-scale production of steel by the 
Bessemer and open-hearth | aeorcomge that 
mild steel possessing satisfactory tensile 
ductility has also an apparently capricious 
capacity for behaving under certain con- 
ditions in an extremely brittle manner. Very 
little information was published, or perhaps 
one should say publicized, on this character- 
istic until many catastrophic failures in 
volving bridges and ships from 1938 on- 
wards focused the attention of metallurgists 
and engineers on the problem. This is re- 
flected in the very full list of references given 
at the end of each chapter—only about 
one-eighth of them date from before 1940. 

The various aspects of the subject matter 
of the book are discussed in 13 chapters and 
the order and sub-divisions have been 
acceptably chosen. A short introductory 
chapter on fracture, ductile and brittle, is 
followed by one in which a number of service 
failures are described and discussed with an 
emphasis on the role of design in causing or 
avoiding brittle failure of structures. This 
leads naturally to the mechanics of flow and 
fracture and to the effect of notches and size 
of component. In this chapter the author 
makes the following interesting statement: 
‘When assessing the merit of a steel for a 
given structure the ductility which is 
normally quoted is that corresponding to the 
total strain, including that due to necking. 
So far as acceptance tests are concerned 
there is usually an adequate margin of duc- 
tility except possibly in the higher ranges of 
stress, and aye es there is often no 
necessity for a rigid adherence to specifica 
tion of elong ation ‘aaa reduction of area 
While this may be true, the author’s excel- 
lent account of the problem of brittle frac- 
ture and of the results of extensive investiga 
tions, shows that such increased knowledge 
and understanding of the problem as we 
now have has unfortunately not yet pro 
vided the designer with an acceptance test 
which will give him the complete confidence 
to design economically and efficiently a 
structure free from the> possibility of failure 
under the influence only of his maximum 
design stresses. However there is no doubt 
that he will find much useful information in 
the book that will at least give him a fuller 
appreciation of the steps to be taken to mini- 
mize the danger of brittle fracture. 

The book, written for metallurgists and 
engineers, can be highly recommended. It is 
well printed and commendably free from 
slips and errors. A feature that American 
readers will welcome is that temperatures in 
the text and diagrams are given in °F as well 
as °C, All the diagrams and photographs are 
clearly and boldly reproduced with only one 
exception—Fig.4 of Chap.l. A reviewer for 
the Institute might humbly suggest that 
probably the first photomicrograph showing 
a line of martensite along a region of adia- 
batic shear published by the Institute (1942) 
would have reproduced better than the 
example chosen by the author. 


—W. P. REEs. 


CHALMERS, B. and QUARRELL, A. G. (Editors). 
‘The Physical Examination of Metals’, 2nd 
ed. 9 6 in., pp.vii+ 917. Illustrated. 1960, 
London: Edward Arnold (Publishers) Ltd. 
(Price £8 8s.) 

The two editors of this book, assisted by 
16 co-workers, have sought to present in one 
volume an account of a number of physical 
techniques for the examination of metals. 
This second edition is divided into 18 
chapters, each devoted to a particular tech- 
nique, dealing with: I. Optical Methods; 
II. Electrical Measurements; III. Thermal 
Methods; IV. Magnetic Analysis; V. X-Ray 
Diffraction; VI. Electron Diffraction; VII. 
Neutron Diffraction; VITI. Electron Metal- 
lography; LX. Radiation Methods; X. The 
Damping Capacity of Metals; XI. Measure- 
ments of Elasticity using Mechanical 
Waves; XII. Ultrasonic Flaw Detection; 
XIII. Ferrographic Method of Flaw Detec- 
tion; XIV; Magnetic Induction Methods of 
Non-Destructive Testing; XV. Measurement 
of Coating Thickness by Magnetic Methods; 
XVI. Radioactive Isotopes and their 
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Applications in Metallurgy; XVII. Micro- 
radiography and Autoradiography; and 
XVIII. Modern Vacuum Techniques. 

In spite of the eminence of the two editors 
it is doubtful whether this book will be 
worth its cost (£8 8s.) to the majority of 
metallurgists to whom it is addressed. Some 
of the chapters are reasonably comprehen- 
sive but others leave much to be desired and 
their authors do not appear to have had 
much, if any, practical experience of the 
techniques about which they have written. 
Chapters XIII, XIV, XV, dealing with 
Ferrographic Method of Flaw Detection, 
Magnetic Induction Methods of Non- 
Destructive Testing, and Measurement of 
Coating Thickness by Magnetic Methods, 
respectively, are out of place in a work of 
this nature as their contents have long been 
available and the techniques have been 
adequately described in many articles of a 
trade nature. Some of the diagrams and 
photographs have also been unfortunately 
chosen. The two interferograms in Chapter I 
are very poor and far below the standard of 
work that is now produced by Professor 
Tolansky and others. It also was unkind to 
Dr Chalmers to reproduce a description and 
diagram of his interference extensometer. 
The diagram is unorthodox and badly 
arranged and the description is completely 
inadequate. 

In all, 1400 references are given and while 
this may appear to be adequate there are 
several notable omissions and one would 
have expected that one or other of the 
contributors would have dealt at some 
length with the use of hot stage microscopy 
at temperatures up to at least 1 200°C, and 
with stereoscopic microradiography. Also 
there does not appear to be any reference to 
stereophotomicrographs or to lineal analysis, 
two techniques with which all metallurgists 
should be acquainted. J. F. Kayser. 


CHavussin, C. and Hitry, G. ‘Métallurgie’. 


Tome II, ‘Elaboration des Métaux’. Trois- 
iéme édition. 946 in., pp.xiii+ 212. 
Illustrated. 1959, Paris: Dunod, (Price 
NF.11.40.) 

This book, so the preface claims, is in- 
tended to give the engineer basic ideas about 
the extraction and refining of metals. There 
is little, therefore, beyond the classic pro- 
cesses described therein. The essential pro- 
cesses of ore treatment, crushing, washing, 
separation, and so on, open the book; next 
the ironmaking blast-furnace is dealt with, 
operating on unsintered ore and with 
ordinary air. The open-hearth and converter 
processes are equally unmodernized, the 
former still running on producer gas (gaz de 
gazogéene) with the suggestion that an oxygen 
lance is used in the USA for decarburization; 
the latter, perhaps a little more up-to-date, 
produces low-nitrogen steel by the use of 
oxygen-enriched air, oxygen/CO, or oxygen 
steam mixtures, Ore, scrap, and lime may be 
added: it is whispered that a vertical jet of 
oxygen may be blown on to the bath. 
Oxygen injection has, however, reached the 
electric-are furnace. The last 40 pages of the 
book deal with the extraction of copper, 
aluminium, lead, zine, nickel, tin, ‘other 
metals’, and powder metallurgy in con- 
siderable brevity.— J. P. SaviLie. 


Tre Compustion Institute. ‘Seventh Sym- 


posium (International) on Combustion’. 
10x 7 in., pp.xlvi+ 959. Tllustrated. 1959, 
London: Butterworth’s Scientific Publica- 
tions. (Price £11 4s.) 

At the invitation of the British Section of 
The Combustion Institute, the Seventh Sym- 
posium (International) on Combustion was 
held in London and Oxford, 28 August 
3 September 1958. This massive report of 
nearly 1000 pages, well-produced and clearly 
illustrated, provides a most valuable record 
of the papers and discussion presented by 
over 200 authors (the provision of whose 
names and addresses in the preface is an 
indication of the unusual care and thorough- 
ness which has gone into the preparation of 
this volume). One hundred and twenty four 
papers are presented, grouped under II 
subjects: Mechanism of Combustion Reac- 


tions (31 papers); Spectroscopy of Flames 
(5 papers); Ionization in Flames (6 papers); 
Structure and Propagation of Flames (17 
papers); Ignition and Limits of Inflamma- 
ility (10 papers); Interaction of Flames and 
Surfaces (9 papers); Turbulence in Flames 
(8 papers); Combustion in Practical Flowing 
Systems (11 papers); Detonation and its 
Initiation (9 papers); Special Fuels (7 
papers); Instrumentation in Combustion 
Research (11 Papers). About 70 pages 
record the discussions. The three opening 
addresses are also given. More than 20 
countries were represented by a total of over 
500 participants, The contributions are of a 
high standard and great credit is due to 
those concerned with the organization of the 
Symposium and the production of this 
invaluable record of the proceedings. 

M. L. Pear. 

EIsENKOLRB, F. ‘Kinfiirhung in Die Werkstoff 
kunde’. Band III. Eisenwerkstoffe. 8 x 6 in., 
pp.280. Illustrated. 1959, Berlin: VEB 
Verlag Technik. (Price DM.16.—) 

DevuTsScCHER NoRMENAUSSCHUSS. ‘DIN Tasch- 
enbuch’. 4 Teil A. Werkstoffnormen Stahl 
und Eisen. 19 Aufl. 8} x 5} in., pp.284. 1959, 
Koln: Beuth-Vertrieb GmbH. (Price DM.22.) 

Borcuers, H. ‘Metallkunde. I] Eigenschaften 
Grudnziige der Form-und Zustandsgebung’. 
Sammlung Géschen Band 433/433a. 6 x 4 in., 
pp-.179. Illustrated. 1959, Berlin: Walter de 
Gruyter & Co, (Price DM.5.80.) 

Ricken, T. ‘Werkstoffe. I Teil: S.ahl und 
Eisen’. Das ABC des Metallarbeiters, 
Folge 7. 2 Aufl. 8 x 6 in., pp.108. Illustrated. 
1959, Miinechen: Carl Hanser Verlag. 
(Price DM.5.60.) 

The first three books all have a similar 
purpose, to give a simple explanation of 
various aspects of the production and treat- 
mont of metallic materials. Dr Borchers’s 
book is the smallest and the most restricted 
in scope: 64 pages deal with the properties of 
metals and alloys and a few DIN specifica- 
tions, the remaining 110 deal with forming 
processes, excluding machinery. Dipl.-Ing. 
Ricken’s book is on similar lines except that 
he adds mechanical and non-destructive 
testing, and a few pages on corrosion protec - 
tion. Dr Eisenkolb’s book is of a different 
nature in that it deals with the properties 
and heat treatment of iron and steel at a 
rather deeper level. The 19th edition of the 
DIN ‘Werkstoffnormen Stahl und Eisen’ has 
been long awaited, and presents all the 
German iron and steel composition specifiea- 
tions, as well as many of those for shaped 
products, in a form which, when the basic 
rules of classification and nomenclature are 
understood, is fairly simple to use. 

J. P. SAVILLE. 

IMELIN-INstTITUT. "Gmelins Handbuch der 
Anorganischen Chemie’. Magnetische Werk- 
stoffe Zugleich Eisen System Nr.59. Teil 
D.2. Erganzungsband. 10 x 7 in., pp.xxxvili 
+ 580. Illustrated. 1959, Weinheim/Berg- 
strasse: Verlag Chemie. (Price DM.321.—.) 

This volume, which appears with its table 
of contents in English as well as in German, 
has suffered from the Gmelin Institute’s 
apparent difficulties in publishing speedily 
once the exacting and valuable work of com- 
pilation is completed. Except for the chapters 
on manganese alloys, on chromium alloys, 
and on ferro-magnetic semi-conductors, 
which are complete to 1955, the remainder, 
430 pages out of 580, is only complete to 
1949. Subject to these limitations, the work 
is of the usual high ‘Gmelin’ standard; apart 
from a valuable introduction on the theory 
of ferromagnetism, the magnetic properties 
of a very large number of iron alloys, binary, 
ternary, quaternary, quintuple, and sex- 
tuple, togo no higher, cobalt, nickel, mangan- 
ese, and chromium and their alloys, and of 
an extraordinarily wide range of ferrites, per- 
owskites, and spinels, are all included. There 
are useful indexes to the alloys, to the oxide 
systems and to commercial magnetic materi- 
als, both metallic and oxidiec. 

J. P. Save. 

‘Korrosion’. Korrosion 12. Bericht iiber den I 
Kongress der Europiischen Féderation 
Korrosion. Frankfurt, 1958. pp.xxxii + 264. 


ABSTRACTS = 113 


(Price DM.36.) Korrosion 13. Bericht tber 
die Diskussionstagung Lochfrasskorrosion, 
Dusseldorf, 1959. pp.95. (Price DM.26.) 
11}x8 in., Illustrated. 1960, Weinheim/ 
Bergstr.: Verlag Chemie. 

This valuable series continues to provide 
excellent reports of the proceedings of con- 
ferences on corrosion. Following on an 
earlier volume (reviewed JISI August 1960) 
Korrosion 12 reports the seeond Congress of 
the European Federation on Corrosion 
which was held in Frankfurt from 31 May to 
8 June 1958. The report was edited on 
behalf of the Deutsche Bunsen-Gesellschaft 
fir physikalische Chemie and the Gesell- 
schaft Deutscher Chemiker. The Congress 
was attended by the representatives of 48 
scientific and technical societies drawn from 
18 countries and its theme was Corrosion 
and Chemistry. The proceedings include 58 
contributions usefully provided with Eng- 
lish, French, and German summaries and 
divided into five main sections: (1) Opening 
addresses which deal with corrosion in 
atomic piles, the effects of iron in soils, 
corrosion of pressure pipes and in tin plate 
food containers; (2) Different kinds of corro- 
sion of metallic materials and their causes 
———. water, and atmosphere, and 
chemical technology); (3) Protective meas 
ures against corrosion of metallic materials, 
inhibitors and passivation, plastics, lacquers 
and other protective coatings, electro- 
chemical onlles treatment and metalliza- 
tion, and linings and ceramic coatings; (4) 
Testing and measuring methods; (5) Plan- 
ning (which includes an article on documen- 
tation). 

Korrosion 123 is the report of a conference 
on pitting corrosion held in Disseldorf on 
19 and 20 February 1959 and organized by 
the Deutsche Gesellschaft fiir Metallkunde 
(Auschuss fiir Korrosion und Korrosions- 
schutz) and the Verein Deutscher Eisen- 
hiittenleute (Werkstoffausschuss; Unter- 
ausschuss fiir Korrosion). This was the fifth 
in a series of conferences on different themes. 
The report is ably edited by Dr H.-J. Engell 
of the Max-Planck-Institut fiir Fisen- 
forschung and Dr W. Katz of the Nickel- 
Informationsburo; the 15 contributions are 
of a high standard. As with earlier volumes 
in this series articles of interest to readers are 
abstracted in the Journal. 


Leresvre, A. and Durior, J. ‘Lecona de 


Sidérurgie’. 94 «6 in., pp.158. Illustrated. 
1959, Paria: Société d’Edition d’Enseigne- 
ment Supérieur. 

The three papers by Professor A. Lefebvre 
are, in fact, reviews of the ‘present state’ of 
blast-furnace practice, of the basic Bessemer 
process and its modern variations, excluding 
‘LD’, and of the rolling of flat products —up 
to the early success of the planetary mill. 
M. Duflot’s paper on the solidification of 
ingots, has a less dated nature and, until 
ordinary ingot-casting is entirely replaced by 
casting im vacuo or by continuous casting, 
should remain of value because of its sound 
physical and chemical presentation of the 
subject._J. P. SavILue. 


Newson, G. A. ‘Corrosion Data Survey’. 1960 


edition. 11 x 84 in., [not continuously pag- 
inated}. Illustrated. 1960, Emeryville, Cal.: 
Shell Development Company. (Price £17 10.) 

The object of this survey is to present as 
concisely as possible the resistance of a wide 
range of structural materials to a wide range 
of chemical compounds. More than 30 types 
of materials are considered, including iron- 
base alloys, copper-base alloys, nickel-base 
alloys, other metals, and non-metallic 
materials. The effects on these of about 1 800 
different chemicals are shown in the form of 
charts. In many cases, data are given for 
different temperatures, ranging from 75°F 
to 800° F, and for different concentrations of 
the compound in aqueous solution. These 
two variables form the axes of the charts, on 
which the resistance of the material is indi- 
eated by a system of noughts and crosses. 
The highest grade corresponds to 4 corrosion 
rate of less than 0-002 in per year, which is 
considered perfectly safe, as leading to 
negligible changes in dimension during the 
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life of a oon and the lowest to a rate 

exceeding 0-050 in per year, which is so 

great as to preclude the use of the material 
concerned. 


What is the worth fal all this? Purists, 
steeped in d tigation, would 
immediately point out ‘that the phenomena 
of corrosion and passivity are so intricate 
that in many cases what actually happens is 
determined by adventitious factors that 
cannot be taken into consideration on any 
chart. The compiler, G. A. Nelson, no doubt 
recognizes the truth of this, for he states that 
the data are intended ‘for ready reference in 
order that feasible materials may quickly be 
determined and unsuitable ones rapidly 
eliminated. These charts act only as a guide 
and ... in many cases corrosion tests and 
pilot plant experience may be necessary.’ 

In addition to the authority conferred by 
the high technical and scientific reputation 
of the Shell Development Company itself, 
the figures have the imprimatur of about a 
dozen other leading American firms and 
institutions, whose comments on earlier 
editions are quoted and discussed in an 
appendix. The data can, therefore, be 
accepted in general terms, and the remark 
of the Goodyear Tire and Rubber Co., Inc.— 
‘This corrosion data survey of yours is the 
most complete survey seen to date’—seems 
an apt comment on the work as a whole. 

In short, a valuable, if somewhat special- 
ized, work of reference.—J.C. Hupson. 





Rocers, T. H. ‘Marine Corrosion Handbook’. 


8x6 in., pp.xxi+297. Illustrated. 1960, 
New York, Toronto, London: McGraw-Hill 
Company of Canada Ltd. (Price £4 17s.) 


Soctery or CHemicaL Inpustry. ‘Corrosion 


Problems of the Petroleum Industry’. 8.C.1. 
Monograph No.10. 8} x 54 in., pp.iv+ 235. 
Illustrated. 1960, London: The Society. 
(Price £1 10s.) 


‘Anti-Corrosion Manual’. 1960 edition. 11x 8 


in., pp.403. Illustrated. 1960, London: 
Corrosion Prevention and Control (Scientific 
Surveys Limited). (Price £3.) 

These three books about various aspects 
of corrosion have in common that they are 
unsurpassed in their respective sections of 
the field. The Canadian book gives much 
very practical guidance and makes it easily 
accessible by seven pages of index and no 
less than 13 pages of glossary. The nature 
and prevention of corrosion in ships, in 
marine boilers, in ships’ machinery and 
equipment, are set out in alphabetically 
arranged sections, by an author who has 
won the respect of sailors, ship designers, 
and scientists through his continued intense 
personal study of the problems. Thirty-five 
photographs, and some line diagrams and 
tables serve to illustrate very well the 
phenomena of corrosion aboard and around 
ships. This book deserves to be kept handy 
in the brief-case of every practical engineer 
who may be called to foregather with 
scientists at meetings of research com- 
mittees on corrosion and fouling. Indeed, it 
may be recommended to all students of 
corrosion. 

The petroleum industry encounters corro- 
sion in almost every phase of its operations. 
The ‘Corrosion Group’ of the Society of 
Chemical Industry therefore chose the sub- 
ject of the second of these three books for a 
joint symposium with the Institute of 
Petroleum and its own Chemical Engineer- 
ing Group held in November 1959. Commenc- 
ing in 1951, these ‘Corrosion Group’ sym- 
posia have covered problems in buried 
metals, caustic cracking, inhibitors, cathodic 
protection, structural steels, packaging and 
storage, metals in buildings, motor vehicles, 
petroleum industry, and finally this year the 
gas industry. The present book comprises 
nine papers with brief reports of the dis- 
cussions; authors’ and contributors’ names, 
and the subjects are conveniently indexed. 
The authors of the papers were invited 
because of their known wide experience in 
corrosion and its prevention. Grouped in 
logical order their papers deal first with oil 
production equipment, gathering lines and 
marine structures, then with tanker hulls, 


and developments in the protection of stor- 
age tanks and pipelines; thirdly come two 
rs on corrosion problems arising in 
ular heat-exchangers and reticulations 
using salt water. The papers in the final 
session consider non-destructive testing in 
the oil refinery, and developments in corro- 
sion resistant metals and non-metallic 
materials. Small as the book is it contains 
much authoritative guidance for corrosion- 
ists, especially those employed by the great 
oil industry and its numerous suppliers; it 
will also be found valuable by chemical 
engineers and metallurgists. 

‘Anti-Corrosion Manual’ is a good title 
and the book contains a great deal of infor- 
mation, When it was first produced in 1958, 
with 260 pages as compared with the 403 
pages of this third issue, it must have 
required foresight and enterprise of a high 
order. This issue contains much authori- 
tative matter that was not available when 
the series commenced. With the exception 
of one article the present section on ‘Corro- 
sion in Industry’ is completely different from 
the 1959 section. The new section on ‘Cath- 
odic Protection’ deserves special mention as 
it has been made into a very notable work: 
much more complete in its mathematical 
analyses than one would expect to find in a 
volume of such wide coverage as this, 
especially as concerns the problems of 
internal rotection involving cathodic 
methods. th here are completely new articles 
on degreasing, chemical descaling, mechan- 
ical descaling, molten descaling, and chrom- 
ate and phosphate treatments. The manual 
is printed in an admirable manner and well 
illustrated. It should help to save the time of 
many industrialists and scientists and be a 
frequently used reference book in many 
libraries. —-T. Henry TURNER. 


Roos, A. ‘Technique Méallographique’. Pré- 


paration des surfaces métalliques pour 

micrographie et macrographie. 84 x 5} in., 

_ + 121. Illustrated. 1960, Paris: Dunod. 
rice NF.13.50.) 

As the sub-title indicates, this book is con- 
cerned solely with polishing and etching for 
micro- and macrography. If it can be re- 
garded as a true picture of the art as carried 
out in France at the present time, our 
French colleagues are fortunate in the poses- 
sion of up-to-date apparatus for specimen 
preparation, embedding, mechanical and 
electrolytic etching. M. Roos’s book, with 
its excellent illustrations of micro- and 
macrographs, and its compendious and des- 
eriptive tables of etchants and the struc- 
tures and constituents they reveal, should 
enable them to make the best of their 
equipment.—J. P. SaviLue. 


RovsseE.ot, R. H. ‘Réparition du Potential et 


du Courant dans les Electrolytes’. 84 x 5} in., 
pp-xiii+ 85. Illustrated. 1959, Paris: Dunod 
(Price NF.9.80.) 

This book deals, as its title says, with the 
distribution of potential and currents in 
electrolytes. The treatment is mathematical 
and complete, and there is a useful descrip- 
tion of the application of conductive paper 
for the determination of the lines of equal 
potential and of equal current. For the study 
of many of the basic physical facts of electro- 
deposition, this is an interesting and valu- 
able work. 


SHank, M. E. (Editor.) ‘Control of Steel Con- 


struction to avoid Brittle Fracture’. 94 x 6 in, 
pp.x+184. 1957, New York: Welding 
Research Council. 

The problem of brittle fracture has be- 
come one of the major subjects for research 
in the post-war years. While controversy has 
continued over the more fundamental 
aspects of the problem engineers have had to 
continue with the work of designing and 
erecting major welded structures which 
could be subject to brittle fracture. This 
book is evidently intended to assist the prac- 
tical engineer or metallurgist rather than the 
theoretical student, and the members of the 
Plasticity Committee of the Welding 
Research Council who prepared the subject 
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matter have obviously attempted to present 
the problems involved in terms which will be 
clear to non-specialists in this field. The con- 

tents are divided into three parts entitled 
Materials, Fabrication, and Design. 

Part 1, Materials, deals with the basic 
concepts of notch brittleness as well as sur- 
veying the more practical aspects of the 
effect of steelmaking practice on the notch 
ductility of the final product. The second 
part, which is concerned with fabrication, 
outlines the general background of experi- 
ence gained from early failures and also 
gives specific examples of welding pro- 
cedures which would be considered good 
practice if liability to brittle fracture is to be 
avoided. If the emphasis on details of weld- 
ing procedure is considered out of place in a 
general survey of this nature it should be 
realized that a complex structure contains a 
wealth of welding detail. Any investigator 
who has studied the origin of failure in any 
of the major structures which have been 
subject to brittle failure will confirm the 
importance of ensuring adequate root pene- 
tration, freedom from major slag inclusions, 
ete. 

Problems of design are dealt with in a 
zeneral manner in Part III and the salient 
eatures of the preceding chapters are pre- 
sented in the form of general recommenda- 
tions. In view of the somewhat bewildering 
wealth of published information on brittle 
fracture the absence of a detailed biblio- 
graphy is somewhat disappointing, but 16 
publications are recommended for further 
reading. 

Although the presentation of the subject 
matter has been accomplished in a straight- 
forward manner it should not be thought 
that the treatment is superficial. This book 
will prove a worth while guide to any 
metallurgist or welding engineer concerned 
with the erection of structures of major 
importance and it can be recommended on 
this basis.—_J. F. Mercer. 


Smiru, C. 8. ‘A History of Metallography’. The 


Development of Ideas on the Structure of 
Metals before 1890. 10 x 7 in., pp.xxii+ 291. 
Illustrated. 1960, Chicago: University of 
Chicago Press. (Price $8.50.) 

This is a fascinating and unusual book, 
written by a practising metallurgist deeply 
interested in history, art, and philosophy. 
The breadth of his treatment is indicated by 
the sub-title and the section headings: 
(1) The background of metallography in 
works of art; (2) The philosophic back- 
ground; (3) Observations of structure before 
Sorby; (4) The work of Henry Clifton Sorby; 
(5) The period of active observation. Much 
space is given to the many centuries before 
there was any recognizable metallurgical 
science, and especially to the use made, 
chiefly for decorative purposes, of differ- 
ences of structure and composition in the 
same metal article. Section | describes the 
striking and beautiful patterns intentionally 
produced in medieval and later times, in 
sword blades, guns, and armour, by various 
methods of casting, forging, welding, etch- 
ing, ete. The Merovingian ‘pattern-welded’ 
blade may have preceded the ‘Damascus’ 
sword blade forged from high-carbon Indian 
wootz steel. The remarkable Japanese 
sword blades and the Malayan kris are fully 
described and illustrated. Réaumur’s work 
on iron and steel is regarded as ‘an almost 
unmatched example of combination of 
observation, planned experiment, and 
theory in the best tradition of the applied 
scientist’. The extensive study of fractures is 
reviewed, More familiar ground is reached in 
the work of Tschernoff, Brinell, and their 
contemporaries, and a chapter is devoted to 
the founder of microscopical metallography, 
the brilliant and industrious amateur H. C. 
Sorby. In 1878 Martens began to publish his 
observations of microstructure and, not long 
afterwards, Osmond’s pioneering work gave 
powerful impetus to metallography, soon 
attracting a growing number of original 
workers. The rapid progress after 1890, 
summarized in 10 pages, followed the full 
recognition of the crystallinity of metals. 
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In style, readability and production, the 
book could not be bettered and many of the 
110 illustrations are beautiful. The wide 
range of sources of information used is shown 
by the comprehensive bibliographic notes 

—H. Moors. 


Umowskt, T. 8. ‘Ferrous Metallurgy— Labora 
tory Manual’. 107 in., pp.x+ 83. Llus 
trated. 1960, Chicago, London: American 
Technical Society, The Technical Press Ltd 
(Price £1.) 

This book is a technical instruction man- 
ual on the heat treatment of steel, and is in- 
tended primarily for instructors and stu 
dents at technical high school or technical 
institute level. It consists of a series of 15 
simple experiments, four of which are con- 
cerned with physical testing, two with 
microscopical examination, and nine with 
the heat treatment of steels. A preliminary 
chapter outlines a procedure for reporting an 
experiment. It is well illustrated and meth- 
ods of recording data are clearly shown but 
its paper back 1s not likely to survive very 
much laboratory wear and tear. 

The manual is very limited in scope and 
does not cover some features which would be 
considered important in British practice. 
For instance, there is no reference to impact 
testing, and hardness measurement is repre- 
sented only by Rockwell testing. In general, 
for use in Britain, it would be desirable for 
instructors to introduce British terminology 
and more familiar apparatus into the ex- 
periments. Within these limitations the 
manual could serve a useful purpose in 
illustrating a few elementary metallurgical 
oy ap ae of heat treatment to technicians. 

t is a pity that more attention was not 
o-. to the hazards of heat treatment. 
ere is a useful glossary of terms at the end 

of the book but no index is given. 
E. InEson. 


NEW PUBLICATIONS 


These titles are also available on index cards in 

7) blication in the Journal, each title 
being classified under the Universal Decimal 
system (UDC). Details and subscription rates 
can be obtained from the Secretary, The Iron and 
Steel Institute. 





Apvisory Group oN ELEcTRON TUBES. 
NATIONAL CONFERENCE ON TUBE TECH- 
NIQUES. ‘Proceedings of the Fourth National 
Conference on Tube Techniques, Se aber 
10-12, 1958’. 11 x 84 in, pp.270. Illustrated. 
New York, 1959: New York University 
Press. 

AxapeEmiya Nauk, SSSR. Institut Metallurgii 
im A. A. Baikova. [Academy of Sciences, 
USSR. A. A. Baikov Institute of Metal- 
lurgy.} ‘Ustalost’ metallov. Materialy sovesh- 
chaniya po ustalost? metallov, 22-24 Sept. 
1958’. (‘Fatigue of metals. Contributions for 
a conference on the fatigue of metals, 22 
24 Sept., 1958’.] In Russian. 10} x 64 in, 
pp.159. Illustrated. Moscow, 1960: The 
Academy. (Price 8 r. 50k.) 

AxapeMiya Nauk, SSSR. Institut Metal- 
lurgii im A. A. Baikova. [Academy of 
Sciences, USSR. A. A. Baikov Institute of 
Metallurgy.} Ostrov, K. A. ‘Voprosy teorii 
zharoprochnosti metallov i splavov’. |‘Prob- 
lems of the theory of heat resistance of 
metals and alloys’.| In Russian. 8} x 5} in, 
pp.285. Llustrated. Moseow, 1960: The 
Academy. (Price 13 r. 70 k.) 

AMERICAN SocrETY FOR TESTING MATERIALS. 
‘ASTM Specifications for Steel Piping 
Materials’. Prepared by ASTM Committee 
A-1 on Steel, Pipe, Tubes, Castings, Forg- 
ings, Bolting. 17th ed. 9 x 6 in, pp.xi+ 524. 
Illustrated. Philadelphia, 1960; The Society. 
(Price, $7.00; Members, $5.60.) 

AMERICAN Society For TestinG MATERIALS. 
‘1959 References on Fatigue’. STP No.9-K. 
11 x 8} in, pp.88. Philadelphia, 1960: The 
Society. (Price $4.00.) 

AMERICAN Society FoR TEesTING MATERIALS. 
‘Symposium on High-Voltage Cable Insula- 

tion’. STP No.253. 9x6 in, pp.v +39. 


Philadelphia, 1960: The Society. (Price, 
$1.50; Members $1.20.) 

AMERICAN Soctety ror Testing Mareriars. 
‘Symposium on Fatigue of Aircraft Struc- 
tures’. STP No.274, 9x6 in, pp.v+ 138. 
Illustrated. Philadelphia, 1960: The Society. 
(Price, $4.00; Members $3.20.) 

AMERICAN Society For TESTING MATERIALS. 
‘Materials in Nuclear Applications’. STP 
No.276. 9x6 in, pp.vi+344. Illustrated. 
Philadelphia, 1960: The Society. (Price, 
$8.25; Members $6.60.) 

AMERICAN Society ror TesTING MATERIALS. 
‘Symposium on Nondestructive Testing in the 
Missile Industry’. STP No.278. 96 in, 
pp.iv+71. Illustrated, Philadelphia, 1960: 
The Society. (Price, $2.00; Membe vers $1.60.) 

AMERICAN Society FoR TESTING MATERIALS. 
‘Symposium on Bituminous Waterproofing 
and Roofing Materials’. STP No.280. 
9x6 in, pp.iv-+81. Illustrated. Phila- 
delphia, 1960: The Society. (Price, $2.50; 
Members $2.06.) 

AMERICAN Society For TestinG MATERIALS. 
‘Symposium on Air Pollution Control’, STP 
No.281. 9x6 in, pp.iv+44. Illustrated. 
Philadelphia, 1960: The Society. (Price, 
$1.50; Members $1.20.) 

AMERICAN Society ror TEestrinG MATERIALS. 
‘Report on the Elevated- Temperature Proper- 
ties of Aluminium and Magnesium Alloys’. 
STP No.291. 11x 84 in, pp.iii+ 308. Ilus- 
trated. Philadelphia, 1960: The Society. 
(Price, $7.00; Members $5.60.) 

AMERICAN WELDING Society. ‘Welding Hand- 
book’. 4th ed. Section 3. Special Welding 
Processes and Cutting. 9x6 in, pp.vi+14 
sections (not continuously paginated }. Illus- 
trated. London, New York, 1960: Cleaver- 
Hume Press Ltd. (Price £3 12s.) 

ARNOLD, 8. V. WarertTown ARSENAL LaB- 
ORATORIES. ‘High Strength Steel: Effect of 
Varying Composition’. (WAL.TR.320.1/1) 
PB 161007. 10} x 8} in, pp.10+ 30. Lllus- 
trated. Washington, 1960: Office of Tech- 
nical Services. (Price $1.00.) 

Banks, O. ‘The Attitudes of Steelworkers to 
Technical Change’. 84 « 54 in, pp. viii + 152. 
Liverpool, 1960: The University Press. 
(Price £1 5s.) 

Barnaby, K. C. Toe Roya InstrruTion or 
Navat Arcuirects. ‘The Institution of 
Naval Architects 1860-1960’. An historical 
survey of the Institution's Transactions and 
Activities over 100 years. 11 x 8} in, pp.645. 
Illustrated. London, 1960: George Allen and 
Unwin Ltd. (Price £5 5s.) 
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aoe WORKS: IRLAM & WARRINGTON ewe 


London Office: KINNAIRD HOUSE, PALL MALL EAST, S.W.! * Telephone: WHITEHALL 7515 « Telegrams: LANCASTEEL, LESQUARE, LONDON 
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The selected site for factory and boiler plant 


LAM WORKS 
RIAL LIMITED ‘ 





Ba gen Bien Early planning ensures economic, 
BY-PRODUCTS Seeus atthe | Efficient and effective boiler plant 
iS Engineering and Marine Exhibition, 


< : Right at the outset, when new boiler installations have to be considered, consultation with 
Olympia. 20th April = 4th May. IC boiler engineers helps to resolve the problems of selecting the most suitable plant. 
iniaaabnatcaentte Stand 3, Row K, § The importance of early discussions about boiler plant cannot be over emphasized. Selection 
Y LTD Ground Floor, Grand Hall. | ©f operating conditions, boiler output, the choice of fuel, method of firing, and the site 

limitations, are but a few of the basic problems which can be resolved by early planning. 
Take advantage of this IC service, backed by world-wide experience, design, research, 
manufacturing, and installation facilities. 





yrams: 
ASTEEL INDUSTRIAL WATERTUBE BOILERS FOR OIL GAS OR sS<¢ f FUEL Firir 


INT TIONAL COMBUSTION LIMITED 


ARE, LONDON 


NINETEEN WOBURN PLACE LONDON WCI TELEPHONE TERMINUS 2833 WORKS DERBY @ 





TGA. 18 28 


FEL INSTITUTE Vay, 1961 zs 























ISA. 


Report 
67 


65s. 


Production of wide steel strip 


As part of its Annual General Meeting in May 1960, The Iron and Steel Institute 
held a three-day symposium in London devoted to Production of wide steel strip, a 
subject of great topical interest. More than 250 people from Europe and America 
attended this symposium and took part in the excellent discussions. 


Sixteen papers by authors from Australia, Italy, the Netherlands, the United Kingdom, 
and the U.S.A. were presented at the five technical sessions, which were devoted to 
the future requirements of the user industries, steelmaking for wide strip production, 
hot rolling, cold . siling and heat-treatment, and coatings on strip respectively. All the 
papers have now been gathered together, with a full report of the discussions, in No. 67 
of the Institute’s Special Report series. There is a provocative foreword by the President 
of the Institute, Mr W. F. Cartwright. 


The report is a quarto volume, comprising 196 pages. It is printed on imitation art 
paper and is fully illustrated with 98 line diagrams and graphs and 57 photographs. 
Copies may be obtained, price 65s. each (plus 1s. postage) from the Secretary of the 
Institute at the address given below. 








The Iron and Steel Institute, 4 Grosvenor Gardens, London S.W.1 














THE DETERMINATION OF 


In May 1960, The Society for Analytical 
Chemistry, in conjunction with The Iron and 
Steel Institute and The Ir s ute of Metals, 
held a highly successful joi symposium in 
London on the subject of The determination 
of gases in metals, which was attended by 
more than four hundred scientists from all 
parts of the world. The symposium was based 
on a carefully selected series of papers illus- 
trating the latest developments in the methods 
of gas determination in both ferrous and non- 
ferrous metals. The techniques covered in- 
cluded vacuum fusion, carrier-gas methods, 
activation analysis, emission spectrometry, 


isotope dilution, and internal-friction methods. 


GASES IN METALS 


There were also excellent review papers 
covering the three main gaseous impurities 
in metals, oxygen, hydrogen, and nitrogen, 
written by acknowledged experts in these 
fields. 

All these papers, together with the reports of 
the lively and informative discussions at the 
symposium, have now been published in 
book form by The Iron and Steel Institute. 
The volume of proceedings, which is amply 
illustrated with line diagrams and provided 
with an attractive dust-jacket, comprises 316 
pages and eight plates. Copies may be obtained 
from the address below, price 63s each 


(postage 1s). 


The Iron and Steel Institute, 4 Grosvenor Gardens, London SW1 
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Electrical Aids in Industry 


Canteen Gatering 





As in every other industry, the main factors govern- 
ing the economics of the catering business are: 
quality of product, cost of production, and well- 
being of workpeople. Electricity measures up well 
to these three essential factors. 

The outstanding virtue of electricity is better 
cooking, particularly in roasting and pastry ovens 
where high quality is more easily maintained than 
in ovens using other forms of heat. The cost of 
production varies somewhat with the type of food 
and the size of the establishment, but is usually 
between 4 and ? of a unit of electricity per 
meal. Cleanliness of electric cooking is axiomatic 
and provides better working conditions for the 
staff. 

The actual size of the kitchen is influenced 
greatly by its shape and by the number of people 
catered for, but a rough guide is as follows: 
KITCHEN TO DEAL WITH SIZE 
up to 100 persons 5-6 sq. ft. per person 

100-250 persons 4-5 sq. ft. per person 

250-1000 persons 3-4 sq. ft. per person 
over 1000 persons 3 sq. ft. per person 
Design 


Where the kitchen is designed from the start for 
the full use of electricity, planning is simplified as 
the equipment can be placed where it is required 
without reference to the need for flues. 
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If an existing kitchen is already using other types 
of cooking equipment, however, electrical equip- 
ment can still be introduced item by item to 
bring increasing benefits. 


Quick-service Equipment 
The popularity of the quick-service establishment 
where the food is cooked at the service counter in 
the full view of the customer is steadily growing, 
and this type of catering can readily be provided 
in the canteen by the installation of a Back Bar 
cooking unit, installed behind a section of the 
service counter. 

The popularity of the mid-day joint and two 
vegetables is on the wane and the really up-to-date 


Data Sheet No.1 7 





























canteen should provide the welcome alternative of 
fresh food cooked on the spot. 


Electric Catering Equipment 


Electric catering equipment covers every single 
kitchen activity and some of the appliances in 
common use are: 


COOKING. Ranges, boiling tables, steaming, roast- 
ing and pastry ovens, vegetable boilers, fryers, 
griller toasters. 











SERVICE AND WASHING-UP EQUIPMENT. Bains-marie, 
hot cupboards, tea and coffee machines, washing- 
up machines for the larger kitchen and sterilising 
sinks for the smaller, refrigerated cold-service 
counter and display cabinets, soda fountains. 
PREPARATION. Mixing machines with attachments 
for chopping and mincing etc., potato pecler, 
slicing machine. 

QUICK-SERVICE EQUIPMENT. Infra-red (contact) grill, 
automatic toaster, griddle plate, automatic fryer, 
boiling plates, soup heaters, etc., and, of course, 
the indispensable refrigerator. 

aed bak 7 
| For further information, get in touch with | 
your Electricity Board or write direct to 
the Electrical Development Association, 
2 Savoy Hill, London, W.C.2. 

Excellent reference bocks on the indus- 
trial and commercial uses of electricity are 
available —“* Electric Commercial Catering 
Handbook ” (5/-, or 5/6 post free) is an | 
example. 

E.D.A. also have available on free loan 
in the United Kingdom a series of films on 
the industrial uses of electricity, including 
commercial catering. Ask for a catalogue. 
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MANUFACTURERS 
OF ALL TYPES OF 


TELEPHONE LOUGHBOROUGH 2130 





CRAVEN BROS. 


CRANE DIVISION LTD. 


STEELWORKS CRANES 
AND HEAVY DUTY 
INDUSTRIAL CRANES 


CRAVEN BROS. CRANE DIVISION LTD. 
LOUGHBOROUGH = ENGLAND 
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Union Carbide 


for ferro chromes 


We can offer you the whole range of ferro chromes: 
**CHROMTEMP’ EXOTHERMIC FERRO CHROMIUM 
3 FERROCHROME SILICON 

HIGH CARBON FERRO CHROMIUM 

LOW CARBON FERRO CHROMIUM 
*‘SIMPLEX’ EXTRA LOW CARBON FERRO CHROMIUM 
**‘SILCHROMSOL’ SOLUBLE SILICON CHROMIUM 
* These chromes were speciaily developed by Union Carbide. 


When you buy Union Carbide ferro chrome you get 
something extra—access to the Union Carbide Service— 
unique in the ferro alloys field. 


This service includes a quality 
control laboratory, technical Bis itel, | 


service and a special develop [POW N-1=4] 8) = 


ment section. 


*The terms CHROMTEMP, SIMPLEX, SILCHROMSOL and UNION CARBIDE 
are trade marks of UNION CARBIDE CORPORATION 


UNION CARBIDE LIMITED - ALLOYS DIVISION - 8 GRAFTON STREET - LONDON W1 - MAYFAIR 8100 


BIRMINGHAM: CENTRAL 6301 GLASGOW: DOUGLAS 7753 SHEFFIELD: ROTHERHAM 4257 
CRC/UC AS4 
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Steel: 
making 


in Wales 


Mitchell conveyors have been carrying 
raw material into the blast furnaces of 


Wales day in, day out since 1937 


Just asingle Mitchell tippler and conveyor 
system at one Welsh steelworks has been 
handling 15,000 tons of coal, coke, ore 
and sinter a day for many years. 

And now Mitchells are well advanced 
on a £2,500,000 contract for a new 
materials handling system at Richard 
Thomas and Baldwins’ new Spencer 
Steelworks near Newport. 

Mitchells are also active in the fields 
of boiler design, cableways and ropeways, 
wagon handling, transporters and con- 
veyors, cranes, mills, ship loading plant 
and nuclear power. 


MITCHELL ENGINEERING LIMITED - ONE 
78 














This Mitchell conveyor carries « 
to Britain’s biggest blast furnace 


MITCHELL 


BEDFORD 


SQUARE - LONDON 
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A new John Thompson booklet on 


ZONED TYPE STOKERS 


John Thompson Carrier Bar and Chain 
Grate Stokers are installed in Steam 
Generating Plants in many parts of 
the world. 

They have been developed to a high 
state of efficiency and reliability as a 
result of many years of research and “= _ 
experience in the combustion of 
solid fuels. 

John Thompson have now produced a 
new Booklet entitled “John Thompson 
Zoned Type Stokers”; why not write 
for a copy giving full details of these 
machines ? 


JOHN THOMPSON WATER TUBE BOILERS LIMITED - 


WOLVERHAMPTON 
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NMobiux Graasé. is a \ithium-base 


iubricant of excellent structural stability and 





purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 





MOBILUX 
GREASE 








ECONOMY, SERVICE inDUSTRIAL LUBRICANTS 
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Schieldro 


SELF-PROPORTIONING 
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By means of a simple lever operation these 
burners ensure an accurate control of air and 
oil ratio giving peak efficiency, outstanding accuracy 
and high product quality. Schieldrop pioneered the 
self-proportioning burner in Great Britain and their unrivalled experience 
in furnace firing is recognised by the leaders in British Industry. 


Write for full details of Schieldrop Burners. 


Schieldrop 2 ComPANY LIMITED 


os Sone ee Oe OE EO Ss 


TELEPHONE 414 (4LINES) 
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Akers rolls for 


wide strip mills 
























these 
nd 
lracy Continuous 6 stand finishing 

The rolls are compound cast with an even surface train for hot wide strip 

hardness of 80—90 Shore and a tough core. Excellent Dimensions of work rolls 
. resistance to high temperature and wear also makes Diameter 27", length of table 83". 
: this quality well suited for use in narrow strip mills 

and Steckel type hot strip mills. 

Roll material is made up of the traditionally first- 

class Swedish raw-materials, carefully alloyed and 

melted in high-frequency electric furnaces. 

Sturdy, top-modern turning and grinding machines 

permit strict adherence to close tolerances and high 

surface requirements. 

TOP-QUALITY ROLLS FROM AKERS 
o 
AB AKERS STYCKEBRUK « SWEDEN 
Postal address: Akers Styckebruk 
Sole agent for Great Britain: INDUSTRIAL & METALLURGICAL EQUIPMENT LTD 
76 Cannon Street, London E.C. 4 @ Tel.: City 7072 @ Cable adress: Indumel, London 

TEEL INSTITUTE May, 1961 














sity etc 


dq 
i 
i 
4 
§ 

ey 
if 
y 

i 









¥, 


he 
Age 


eee 


BaF. } < INES UA 
pees Fo) fe e New. Jou 
ONG a J of HARE Si - ee, b 
Ran - : ee ° P a 
— aa. % 






G 


oa | aY, 
MLS 
Weics 
i 


ei = 
ays 
S sy 


EX 
Be 
y 


st 
yi 

IS 

SK: is 


ry 
¢ 


i 
RSG 
—) 
BAS 
Yi, 
Soh 
ic 
Zc 






2 
oy 
IS 
Ak 
re) 
ry 


Ms 
GF 
v7, 
> 
ye) 
rr 
; 
w 
S 
=o 
OHS 


SPALL RESISTANT 


STOPPER 
END 
offers EXTRA Reliability 


The focal point of teeming. The Stopper End. Subject to 
thermal shock, intense wear by liquid steel and severe 
mechanical stresses at high temperatures. No half 
measures with stoppers—they work or fail. 

Resulting from years of development work Marshalls 
now present their “SR’’ quality. Already acclaimed and 
well-known in the biggest ladies of the major integrated 
plants, “SR’’ is equally satisfactory in the stee! foundry 
and when teeming the smaller ‘special’ steel charges. 

“SR”’ is highly refractory, accurately shaped—and tough. 
Consistently better and COSTS NO MORE. 
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LADLE BRICKS - SLEEVES - STOPPERS & NOZZLES - TRUMPETS & PIPES - CENTRE BRICKS & RUNNERS - MOULD HEAD BRICKS 





REPRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD ® LOXLEY © SHEFFIELD Tel: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


™39 
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cE ACEC 
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A IN THE SERVICE 
: OF INDUSTRY... 


INDUCTION SERVICE in mass production forging, 


of simple parts such as billets, round, square or flat 
bars, tubes of uniform wall thickness, rings etc., is 
being used with marked success by an increasing 
number of Manufacturers. The short heating time 
obtainable by this method reduces fire losses and rejects 
to a minimum, raising efficiency and improving economy. 
The INDUCTION MELTING FURNACE has 
revolutionized melting techniques in industry. 
Electro-dynamic stirring and close temperature 
control contribute to a greatly improved finished 
product. In Steel works, Foundries and other 
industries where quality and uniformity of product 
are of special importance, ACEC 

installations are being used for the melting 


of ferrous and non-ferrous metals and alloys. 





/ilustrations 1. 160 kw 8 kic Screw spike heater 
reading down 2. 2 melting furnaces of 4 ton capaciiy 
3. 100kw 4k/c heater for tubes 
4. Continuous bar heater 


ACEC 


CHARLEROE 


For further information or help in connection with 
HEATING, WELDING, STRESS RELIEVING, MELTING, BRAZING OR HARDENING. Please consult us al 


(Ateliers de C tructions Electriques de Charleroi) Tel; CHAncery 2932/3 
A C E C Cromwell House, Fulwood Place, London, W.C.1. Telex: London 28678 
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One of Shell’s recent achievements in Industrial 
Lubrication has been to reduce the risk of skin trouble 
for machine operators. Until the new Shell Dromus 
range, most modern soluble cutting oils contained 
phenolic compounds, which can cause skin irritation. 
They were used as coupling agents between the actual 
oil and the emulsifier. On high-speed machines, especi- 


t 


ally, the water evaporates and the emulsion concen- 
trates. And that’s when the trouble can start. Shell 
scientists found a better coupling agent, and 


made it work. And now, at no extra cost, 
management can reduce working risks for 
their staff. Write for the book, ‘Selecting Your 
Cutting Oils’ ,toShell-Mezx House, London, W.C.2. 


a 


SHELL INDUSTRIAL OILS 
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Two clean, bright pennies are placed in beakers of oil, of 
equal performance level, one Shell Garia Oil 21, the 
other a conventional cutting oil containing sulphurised 
additives. After three hours at room temperature one 
penny is still bright and stain-free, the other heavily 
stained with black copper sulphide. The bright 
penny is from the beaker containing Shell Garia Oil 
21, the blackened one from that containing the 
conventional oil. While these were just pennies they 


| 


could have been bronze bushes in your machine 
tools—stained in less than half a shift. Sulphur is 
essential in heavy-duty cutting oils. Special additives 
in Shell Cutting Oils protect your machine tools and 
yet allow the sulphur to do its job. Write 

for the book ‘Selecting Your Cutting Oils’’ 

to Lubricants Department, Shell-Mex House, 

London, W.C.2. 

DROMUS ... PELLA...MACRON...GARIA 


SHELL CUTTING OILS 
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STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
“< STEEL LADLES 


KILN CAPACITY OVER ’ 
li MILLION BRICKS SPECIAL FIRE CEMENTS for all 
i ecvgucane 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 
Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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A busy man’s 





geuide to Britain’s steel progress 


WINSTON CHURCHILL kept his finger on the pulse of things 
by asking for important information “on one side of a 
sheet of paper”’. 

The post-war achievements of the British steel industry 
would fill a book. Here, for the busy man whose eye we 
have this minute, is an account of what is happening now. 


PRODUCTION The British steel industry produced over 
24 million tons of steel in 1960 — compared with 20 million 
tons in 1959. Output is now about double the pre-war 
figure. Production of alloy steels—especially stainless steel— 
is expanding particularly rapidly. 

PLANT Since the end of 1946, over £900,000,000 has 
been spent on development. Continued modernisation 
and expansion — now costing some {200,000,000 a year — 
will provide steel capacity for over 34 million tons by 1965. 
Pig iron output per furnace and open hearth steel output 


BRITISH IRON AND 


May, 1961 


per furnace are both more than double pre-war. With the 
need for ever-increasing efficiency and economy, ore 
beneficiation has made great strides and fuel consumption 


per ton of iron has been reduced by about 25 °% since the 


war. Use of oxygen for steelmaking is rapidly increasing. 
INDUSTRIAL RELATIONS ‘The industry keeps its 
remarkably good record for settling industrial disputes 
without recourse to strike action. British steel workers are 
often sons and grandsons of steel workers, richly endowed 
with traditional skills. Making steel exactly to specification 
is more than a commercial requirement; it’s a matter 
of pride. 


PRICES British steel prices have been keenly com- 
petitive since the war with those of other major European 
producers and well below the American price level — and 
the quality of British steel is unsurpassed. 


STEEL FEDERATION 
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Serving Britains Industry 











GRIFFIN BRANO 
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STEEL SHEETS 


Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets — 
Black, Galvanised, Flat and Corrugated. 


have the largest general Galvanizing 
Plant in Great Britain. 


tk We make the widest Stee! Sheets and 


Metal Spraying by the most up-to-date 
methods done in our works or “in situ’’. 








Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal. etc. 


Px: 


Smith and McLean Lid. 


179 WEST GEORGE STREET, 


SS GLASGOW, C.2 
. a Tel.: CENtral 0442 ‘Grams: CIVILITY, Glasgow 
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A 
‘Superlative 
span 

of life 
against 
corrosion... 




















For Monkwearmouth Bridge, ‘Superlative’—the best gloss paint in 





the world-is applied over a BPL Miraculum Graphite undercoat. 
‘Superlative’ gives a hard, mirror-smooth coat that can be relied 


A chi a 2A 


upon to provide maximum protection under the worst conditions. 


id : Miraculum Graphite undercoat keys thoroughly into the metal : British Paints | 





i flexes to withstand years of expansion, contraction and vibration. im Q 
T 4 | 
: : For an extra span of life for your steelwork consult British Paints Limited 
4 Technical Service for expert advice and attention without obligation. 
ZOW 


Portland Road, NEWCASTLE UPON TYNE 2 - Northumberland House, 303-306 HIGH HOLBORN, LONDON W.C.1 - Mersey Paint Works, WAPPING, LIVERPOOL { 


BELFAST - BIRMINGHAM - BRISTOL - CA SLASGOW - LEEDS - MANCHESTER - NORWICH - PLYMOUTH - SHEFFIELD - SOUTHAMPTON - SWANSEA and ali principal towns 


4 moe 
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ROLLER HEARTH 
and DISC HEARTH 
FURNACES 
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for continuous 
normalizing of plates, 
sheets and tubes. 









An extensive range of mechanised furnaces is available 
for conventional and specialised heat treat processes. 
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GIBBONS BROTHERS LTD. 


Dibdale, DUDLEY, Worcs. 
Tel. DUDley 55141 (P.B.X.) Telex No. 33162 





REFRACTORIES 


FOR STEELWORKS 
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OXYGEN ENRICHMENT 
REQUIRES HIGH ALUMINA BRICKS 


AXE 60 


63. Alumina 


es. 


HYALAXE | 
AXE 60 | 


HYALAXE 
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BAUXITE 
AXE 44 
SUPERAXE — 
STOVE CHECKERS O.H. REGENERATORS 
BURNAXE 
Fest aus SUne) RENE SSE RR A EDO Se Se SO) em 
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C 


The BURN FIRECLAY CO. LTD. 


76, JESMOND ROAD, NEWCASTLE UPON TYNE, 2. 
TELEPHONE: NEWCASTLE 81-3301 
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Hectic days these 
CAN Be PUZZLED i] Is everything under control? 
Pushbuttons, timers, isolators, 
Electric motors in pumping room, casting room, plating shop 
Mustn’t fail or production loss, loss, loss 
Processes integrated, sequences correlated 
Is there a spanner in the house? 
Electric, electronic, esoteric functions all, 
Cosset them, cuss at them, keep them in hand 
Motor selection, overload protection — don’t forget 
It’s the wife’s birthday tomorrow 
J. B.’s new ideas for the finishing line; humour him, 
Might be possible, though. 
Mains wiring, control wiring, where’s the labour coming from? 
Control gear — DUPAR — that’s the name 
Must write. 


— 


if ~ 
/ SHED THE LOAD of your motor control problems ‘ 


by consulting the Dewhurst Technical Advisory Service. 


\ There is DUPAR control equipment for all / 
\ engineering and allied fields. Gasp / 
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DEWHU RST INVERNESS WORKS* HOUNSLOW: MIDDLESEX 
Telephone: HOUnslow 7791 (i2 lines) * Telegrams: DEWHURST - HOUNSLOW 
& PARTNER LIMITED | Field Offices at: 


BIRMINGHAM ° GLASGOW ~ GLOUCESTER ° LEEDS - MANCHESTER - NEWCASTLE NOTTINGHAM 
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eae> Famous Rust-Oleum coatings 


| | have been proved throughout 

g 
=e American industry for over 
® thirty-five years. They protect 


Wontus) new metal and save rusted metal 

If the metal is rusted, scrape and 

wirebrush to remove rust scale and loose rust 
—then brush or spray Rust-Oleum 769 Primer 
over the remaining rust. The specially-proc- 
essed fish oil vehicle in the coating penetrates 
rust to bare metal (proved by scientific test) 
Rust-Oleum top coats are available in red, 
white, gray, blue, yellow, black, aluminum, 
and many others for use over the primer to 
help you beautify as you protect structural 
steel, equipment, pipes, tanks, towers, etc. The 
Rust-Oleum Distributor listed below maintains 
complete stocks for prompt delivery. Send 





coupon for catalog. 


RUST-OLEUM CORPORATION 
2648 Oakton Street, Evanston, Iilinois, U.S.A 
Also processed in The Netherlands in exact accordance with the 
famous, original, and exclusive Rust-Oleum formulations by 
RUST-OLEUM (NEDERLAND) N. V. 


Paul Krugerkade 10, P.O. Box 602, 
Haarlem, The Netherlands 





PROMPT DELIVERY FROM OUR RUST-OLEUM STOCKS 


Stedali & Company Ltd. Monks & Crane Ltd. 
192-204 Pentonville Rd., London,N.1 Garretts Green Lane, Birmingham 
aiso branches at Manchester Leceste also branches at London. Manchester. Glasgow 


and Glasgow Newcastie upor yoe. Leeds and Brist« 
Murray McVinnie Ltd. 
1-19 West Street, Glasgow, C. 5 


@ ATTACH TO YOUR LETTERHEAD AND MAIL TO RUST-OLEUM DISTRIBUTOR ABOVE 7% 


WM 


At no cost or obligation, please send me complete catalog in language checked 


English French German Italian 


Dutch Swedish Norwegian 


(> Free Test Sample to apply over rusted metal. 


W W WW WA Q 
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REVOLVING TABLE BRICK PRESS 





Suitable for automatic /semi-automatic production, 
all types of high grade refractory—standard shapes and 
large blocks, including tar Dolomite. 


Many special features. 
Automatic take-off gear. 
Push Button operation. 


Automatic cleaning top plunger plates, which may include 
badges, monograms, etc. 


Variable pressure. 
Accurate, clean shapes. 


Reliability, Press is designed for continuous high speed 
operation. Will produce either a single block or four 
standard bricks per pressing operation. 


Alternative sizes and outputs available. 


Also Floating Mould Box. 





Photograph by permission of 
Pickford, Holland & Co. Ltd 


JOHN SHAW 


Write for fully descriptive illustrated 
catalogue of the JOHN SHAW PRESSES 


JOHN SHAW & SONS (SALFORD) LTD 
Wellington Works, St. Stephens Street 
SALFORD LANCASHIRE 


Telephone: Blackfriars 4844 
JS 26 
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S&L STEEL TUBES 
FOR RAILWAYS 


Stewarts and Lloyds, with a century of tubemaking behind 
them, are well known as producers of the highest quality 
tubular steel material for the railway industry. 


Whether for steam locomotion, still being used in many parts 
of the world, or for modernization schemes, the Company can 
meet the industry’s requirements for steel tubes. 


S&L production engineers maintain quality control from raw 
material to finished products, which include :— 


TUBES FOR BOILERS; POINT RODDING; 
VACUUM BRAKE SETS; OIL PIPES; 
POLES FOR SIGNALS OR OTHER APPLICATIONS; 
RECTANGULAR HOLLOW SECTIONS AND ROUND TUBES 
FOR STRUCTURAL AND MECHANICAL PURPOSES. 


Our subsidiary, Tubewrights Limited, have designed and 
supplied tubular steel structures for railway electrification, 
floodlighting towers for marshalling yards, footbridges, signal 
and servicing gantries and steelwork for stations. 


Address your enquiries to :— 


STEWARTS AND LLOYDS 
LIMITED 


BROAD STREET CHAMBERS, BIRMINGHAM, 1 


































SWITCHGEAR UNIT 
WHIPP & BOURNE LTD. 


CASTLETON , ROCHDALE : LANCS. 


Please write for 
new comprehensive 
A.H. publication to: 
































COMPLETED LININGS TO 





64 BLAST FURNACES 





120 HOT BLAST STOVES 
62 STEEL MELTING 
FURNACES 





STAFF: 250 MEN, includes— 


— , 


- 100 FURNACE BRICKLAYERS 


es 
TATTERSALL 
REFRACTORY CONTRACTORS ~MI[I| ESRBROUGH 


137 SOUTHFIELD ROAD Telephone 2320 
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SAVED 
£2 000 


here’s how... 
27 breakdowns in seven years. The cause? Insu- 
lation failure. The electric motor on a four-ton 
stripper crane at Workington Iron and Steel 
Company kept breaking down, so in 1953 the 
50 hp Class A motor was replaced by a Class B 
insulated motor of the same rating specially de- 
signed for heavy duty—but there were still 5 
insulation breakdowns over the next three years. 

Because of production losses and the cost of 
rewinds the motor was finally rewound in 1956 
with Class H insulating materials—silicones 
combined with glasscloth and mica. 

Result? In the words of Workington Iron and 
Steel Company, ‘No breakdowns since that date’. 
A saving of {£2,000 in rewind costs with no 
further losses in production due to insulation 


failure. 


Contact your Midland Silicones area office and 
ask for a list of manufacturers and rewinders ex- 
perienced in silicone insulation and for copies of our 


regular news bulletin “MS News for Industry.” 


as 
MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd and Dow Corning Corporation) 


first in British Silicones 
68 Knightsbridge - London: SW1° Telephone: Knightsbridge 7801 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, 
Manchester. Agents in many countries 
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SPECIFICATION 


Recuperator insulation with metal 
protective finish. 





Ea 
—= Photograph by permission of Stein & Atkinson Ltd. 
Expert planning, specialist 
application and 70 years’ 


for consultation. 


: : experience contribute to the 
¢ THE STAMP speed and efficiency of 

2 OF EFFICIENCY 5 Bernard Hastie streamlined 
: = : service. Our local 
oss representative is at hand 

¢ INSULATION 

: : 


BERNARD HASTE: 





Thermal Insulation Engineers 


14 Rutland Street, Swansea Telephone: 52138. 


Offices at 
London, Leicester, Birmingham and Bristol. 


Ww recent installa 





















By arrangement with the Department of 
Scientific and Industrial Research, The Iron 
and Steel Institute is now publishing monthly a 
complete English-language version of STAL 
(Steel), the major Russian periodical in the field 
of iron and steelmaking technology. The 
developments reported in Stal in English are of 
the greatest interest to everyone connected with 
iron and steelmaking. 


The rates of subscription are as follows: 


Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 
The Iron and Steel Institute £1500 


Postage is extra, at a rate of Is per copy. Single 
copies may be obtained at £2 0 0 each (Members 
£1 10 0). 


Orders should be sent to 


The Secretary 

The Iron and Steel Institute 
4 Grosvenor Gardens 
London S.W.1 
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WE DO NOT BUILD SHIPS 


We do not launch leviathans, or even launches; but steel 
for shipbuilding —and for dockyard gates, cranes and 
scaffolding —is very much our business. Over 80 GKN 
companies in Britain and overseas are deeply, and happily, 
involved in maritime affairs. Diesel engine castings and 
gearboxes; turbine rotors and blades; crankshafts and 
cleats; davits and deep sea trawling bobbins; propeller 
shafts and propeller shaft bosses; hatch covers and 
hawser wire; rudder posts and tiller arms; outboard 
motors; and fastenings of every kind, above and below 
the Plimsoll line: —the GKN Group supplies shipping 
with many things vital to its existence. The world’s ship- 
ping, in its turn, carries GKN products all over the world: 
but not all these products are cargo. by any means. 









% Guest, Keen & Nettlefolds, Ltd., Head Office, London Works, Smethwick 40, Staffs. 
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PIG 


SHEPPARD GASTING 


Standard equipment 
for medium 
capacity pig iron 
production. 
Sheppard Pig 
Casting Machines 
can be supplied as 
single, or double 
strain units with 


capacities ranging 
up to 100 tons 
per hour. 





MACHINE 






SHEPPARD 
CASTING 
MACHINES 
can produce 
INGOTS in 
ALUMINIUM 
BRASS - BRONZE 
GUNMETAL - LEAD 
COPPER - ZINC 
REFINED & PIG IRONS 
















SHEPPARD & SONS LTD * BRIDGEND * GLAMORGAN 
Telephone: Bridgend 3201 
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Smith, Thomas, & Sons (Rodley) Ltd. 


Spencer-Bonecourt-Clarkson Ltd. 
Stanton Lronworks Co. Ltd., The 
Steel Co. of Wales Ltd., The 
Steel, Peech & Tozer Ltd. 

Stein & Atkinson Ltd. 

Stein, John G., & Co. Ltd. 
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INSTALL ALCAN INDUSTRIES installed a VISCO 120,000 g.p.h 


capacity Forced Draught Water Cooler as part of 
the water cooling system of their continuous rolling mill 
VISCO at ROGERSTONE. You can save time, water, space and 


money by consulting VISCO first on your water cooling 


projects. THE VISCO ENGINEERING CO. LTD., 
WATER COOLERS Stafford Road, CROYDON. Croydon 4181 





Photograph by courtesy of Alcan Industries Ltd 


VISCO 


Modern Water Coolers 














This comprehensive brochure on Water Cooling FREE on request 
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ASHMORE, BENSON, PEASE & COMPANY LIMITED 
DAVY-ASHMORE GROUP 
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still undecided? 


Experience in automatic control problems 
encountered in the Iron & Steel Industry has 
taught us that no one mode of automatic control 
is suited to all applications. 

Electroflo, as pioneers of many control 

schemes now adopted as standard practice, can 
provide all three methods of control—individually 
or in any combination. 

We shall be pleased to advise you on the 

best choice of equipment to suit your particular 
problem. 


Mr. R. A. Perry, 
Manager of the 

Meta! Industries Division 
Electroflo Meters Co. Ltd. 


Meters & Controls 
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